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Recent reports have presented evidence for 
the possible existence of separate adrenocor- 
ticotropic factors concerned with adrenal as- 
corbic acid depletion (A.A.F) and with ad- 
renal weight (A.W.F.) (1-4). However, the 
routes of administration, number of injections, 
the time required for the hormone to act, and 
the nature of the response elicited are different 
for the two types of assays. Therefore, such 
factors as rate of absorption and rate of in- 
activation within the animal body may affect 


* The term “corticotropin-B” as used in this paper 
designates a product obtained by countercurrent dis- 
tribution after fractionation of pepsin digests of 
corticotropin with oxycellulose. The designation 
“corticotropin-B” has been given to this substance 
because its properties are different from those of 
corticotropin(6), particularly with regard to its 
solubility behavior. ‘Corticotropin-B shows no evi- 
dence of inhomogeneity by ‘countercurrent distribu- 
tion studies. Its method of preparation has been 
described (6). 


the apparent A.W.F./A.A.F. ratio obtained for 
a given preparation. It is possible that prep- 
arations from different animal sources may be 
handled differently by the body. Contamina- 
tion with other pituitary hormones may also 
influence the result; pituitary extracts rich in 
somatotropin are reported to give particularly 
high A.W.F./A.A.F. ratios(3). One group of 
investigators believes that A.A.F. and A.W.F. 
responses are due to a single substance(5). 

A highly active product from pepsin digests 
of corticotropin has recently been isolated and 
designated as corticotropin-B(6). This prod- 
uct had an A.A.F. activity as high as 300 In- 
ternational Units per mg, and behaved as a 
pure substance in countercurrent distribution 
studies. It was of interest to determine the 
A.W.F. and chromatophore expanding activi- 
ties of corticotropin-B in comparison with less 
highly purified materials having lower A.A.F. 
activity. 


Materials and methods. The adrenocortico- 
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TABLE I. Comparison of Adrenal Weight Activity of Preparations. A (alkaline extract of 
beef pituitaries) and E (corticotropin-B). 


Mean values 


ere te aol, 
Prepara- Total amt No. of -—Body wt, g— Thymus, Adrenal wt, 
tion inj., mg animals Initial Final mg Me se Su. 
A 1.05 8 112 115 217 13.69 + .68 

A 15.00 3 120 129 — 19.03 
E 1.05 10 108 114 127 18.68 + .61 
None — 11 106 109 210 13.56 + .58 


tropic preparations used in this study were as 
follows: A, an alkaline extract of beef pitui- 
tary glands having an A.A.F. activity of less 
than 1 U/mg; B, Armour Acthar-A precipi- 
tated at pH 4.6, activity about 5 U/mg; C, 
Armour Acthar-A hydrolyzed for several 
hours in boiling 0.001 N HCl, and precipi- 
tated at pH 4.6, activity about 3 U/mg; D, 
partially purified corticotropin-B, activity 
about 175 U/mg; E, corticotropin-B, purified 
by counter-current distribution, activity about 
250 U/mg. The animals used in this study 
were Sprague-Dawley male rats of 100 to 120 
g body weight, hypophysectomized about a 
week prior to the test by the Hormone Assay 
Laboratories, Chicago, Ill. Injections of cor- 
ticotropin in aqueous solution were adminis- 
tered subcutaneously. 

Results. Exp. 1. In this experiment, the 
A.W.F. activity of preparations A and E were 
compared. Injections were continued for one 
week; the daily dose was divided into two 
injections except on Saturday and Sunday, 
when the usual daily amount was given in a 
single injection. The total number of injec- 
tions was therefore 12. The rest of the details 
of the experiment are evident from inspection 
of Table I. 

It is clear that 1.05 mg of preparation A 
produced no effect on adrenal size. 1.05 mg of 
corticotropin-B (preparation E) produced a 
moderate increase in adrenal weight which was 


us no information as to the dose-response re- 
lationship of various effective doses of either 
preparation. 

Exp. 2. In this experiment, a more com- 
plete study was made, including dose-response 
curves for preparations B, C, and D. One 
hundred hypophysectomized rats were divided 
into 10 groups of 10 animals each, as shown in 
Table II. Injections were made twice daily 
over a 7-day period (total of 14 injections), 
and solutions were freshly prepared before 
each injection. The injection schedule was 
therefore slightly different from that of Exp. 
1, so direct-comparisons of activity of these 
preparations with those used in Exp. 1 would. 
not be valid. The adrenal weight data in 
Table II may be plotted to yield straight lines 
with the following regression equations: B, y 
= 19.31 + 9.03X; C, y = 16.42 + 3.84X; 
D, y = 24.60 + 9.03X, where y = adrenal 
weight in mg, and X = log total dose. The 
amounts of hormones required to produce a 
50% increase over control adrenal weight are 
calculated from these equations to be as fol- 
lows: D 0.54 mg, B 2.09 mg, and C 32.00 mg. 
A direct comparison of potency on this basis 


TABLE II. Dose-Response Data of Adrenal | 

Weights in Hypophysectomized Rats Treated with 

Preparations B (pH 4.6 Precipitate' of Armour 

Acthar-A), C (pH 4.6 Precipitate of Acid Hydro- 

lysate of Armour Acthar-A), and D (Partially 
Purified Corticotropin-B). 


highly significant (P <0.01). The very small Prepara- Totalamt —Bodywt,g— Adrenal 
thymus glands found in the animals treated tion inj..mg ‘Initial Final wt, mg 
with preparation E provide further evidence B 1.0 112" = 116 18.2 
of the adrenal-stimulating activity of this sub- B 4.0 113 121 26.2 
stance. The increment in adrenal weight in a oe. ae ae a 
this group of animals was about the same as C 4.0 117 117 18.4 
in those receiving 15 mg of preparation A. It i ane on Le aoa 
does not necessarily follow, however, that D 4.0 srs a ne} 
preparation E is 15 times more potent in D 16.0 113-102 35.0 
Controls — 115 113 14.8 


A.W.F. than is A, since this experiment gives 
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between preparation C and the other two 
preparations, however, must be subject to 
some reservations, since the data for C have 
a significantly different slope, and the highest 
dose of C gave somewhat less than 50% in- 
crement in adrenal weight; also, preparation D 
may be more potent in comparison to B than 
the data indicate, since the lowest dose of D 
gave more than 50% increase in adrenal 
weight. 

Exp. 3. In addition to these observations 
on adrenal weight, a preliminary experiment 
was performed to determine whether cortico- 
tropin-B also possesses a higher degree of 
chromatophore-expanding activity than a 
.cruder preparation. This was of interest in 
view of the recent claim that corticotropin 
and the chromatophorotropic hormone are 
identical(7,8), although this has been denied 
(9,10). We have tested the action of cortico- 
tropin-B on frog skin in vitro. Pieces of skin 
of Rana pipiens about 1.5 cm square were im- 
mersed in frog Ringer’s solution containing 
- hormone in concentrations of 0.01, 0.1, 1.0 
and 10.0 pg/ml. Two hormone preparations 
were used: a relatively crude corticotropin 
acid hydrolysate (about 1.2 U per mg) and 
highly purified corticotropin-B. 

There was a gradation in the degree of 
darkening produced. The skin exposed to 
10.0 »g/ml of corticotropin-B was by far the 
darkest, while 1.0 pg/ml of corticotropin-B 
and 10.0 »g/ml of the cruder preparation pro- 
duced moderate darkening of about equal 
degree. Concentrations of 0.1 »g/ml of cor- 
ticotropin-B and 1 »g/ml of the cruder prep- 
aration produced slight darkening. No no- 
ticeable effect was produced by 0.1 »g/ml of 
the cruder preparation or by 0.01 pg/ml of 
either preparation. Corticotropin-B, there- 
fore, appeared to have melanophorotropic 
activity on the order of 10 times that of the 
cruder corticotropin, but this ratio must be 
accepted with reservations, since the method 
used was at best no more than semi-quantita- 
tive. 

Discussion. Activity in the adrenal ascorbic 
acid depletion test as high as 300 times that 
of Armour Standard LalA ACTH has been 
reported for corticotropin-B(6). This is not 
necessarily the highest activity for corticotro- 
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pin-B, since partial inactivation may occur in 
the process of working up the pure substance 
in the peak plates of the distribution. This 
partial loss of activity has been frequently 
observed, and is most marked in the most 
highly purified preparations. Corticotropin-B 
is obtained from pepsin digest of corticotropin 
derived from swine pituitary glands. The ap- 
plication of countercurrent distribution which 
produced through 450 transfers corticotro- 
pin-B, behaving as a pure substance, is a very 
critical criterion of purity. It is therefore of 
considerable interest that this substance not 
only possesses all three biological activities — 
tested (adrenal ascorbic acid depletion, ad- 
renal weight increase, and chromatophore ex- 
pansion) but possesses them to a higher de- 
gree than do cruder preparations. 

In the adrenal weight test, the dose- 
response curve for the acid-hydrolyzed ma- 
terial, preparation C, had a different slope 
than the curves for B or D. It is therefore 
possible that the nature of the A.W.F. is 
changed by the acid treatment. This change 
may be either in the way the active principle 
affects the adrenal, or in the way the body 
handles the injected material. Not only is it 
impossible to obtain a valid ratio of a single 
activity between two substances showing such 
a different slope of response, but comparison 
of A.W.F./A.A.F. ratios between such ma- 
terials would be equally meaningless. Fur- 
thermore, the errors inherent in the assays 
make it difficult to determine such ratios with 
a practicable degree of precision. For these 
reasons, as well as because of the considera- 
tions outlined in the introductory paragraph, 
we have not attempted to calculate A.W.F./ 
A.A.F. ratios for any of our preparations. 

The method of preparation of corticotro- 
pin-B and the apparent high degree of purity 
of this substance(6) make it seem unlikely 
that the very high A.W.F. and chromatophoro- 
tropic activities are due to contaminants. 

A reappraisal of certain controversial issues 
can be made in the light of these data on the 
hormonal activities of corticotropin-B; for 
example, are A.A.F. and A.W.F. activities due 
to the same or to different chemical entities? 
We now have an apparently pure substance 
exhibiting both activities, but this does not 
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preclude the possibility that some other sub- 
stance present in ACTH-concentrates might 
have only one or the other activity. The 
characterization of one or more active sub- 
stances other than corticotropin-B is required 
for satisfactory appraisal of the issue, and in 
some instances it might be necessary to prove 
the absence of corticotropin-B in certain con- 
centrates before drawing conclusions about the 
presence of different hormonal entities in a 
given concentrate. 

Corticotropin-B is from swine pituitaries. 
Any comparison of activities of various cor- 
ticotropin preparations should take into ac- 
count the species from which the glands were 
secured. The importance of this consideration 
has been established for certain other protein 
hormones. For example, vasopressin from 
beef posterior pituitary glands has been re- 
vealed to be chemically different from that 
derived from swine posterior lobes. The hor- 
mone from beef contains an arginine moiety, 
while that from swine contains a_ lysine 
moiety(11). The insulins from beef, swine, 
and sheep glands have been found to be 
chemically different with respect to six amino 
acids, although physical and biological differ- 
ences are slight(12). It is not unreasonable 
to anticipate that similar differences may be 
found in corticotropin and other anterior 
lobe hormones of diverse animal origins. It is 
possible that differences in biological activity 
may accompany chemical diversities. A prep- 
aration recently reported by Hess and Car- 
penter(13) had A.A.F. activity comparable to 
that of corticotropin-B. Since both the animal 
source material and method of preparation 
are different in the two preparations, it is not 
unlikely that they may show a different spec- 
trum of biological activities. 


A second controversial issue is concerned 
with the question of whether adrenal ascorbic 
acid depletion and chromatophore expansion 
are due to the same or to different chemical 
entities. Since corticotropin-B also shows po- 
tent chromatophorotropic activity, the same 
reservations must be made about species dif- 
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ferences and about the possibility of the 
existence of substances other than corticotro- 
pin-B which may possess predominantly either 
one or the other type of activity. It is entirely 
possible that when other substances are iso- 
lated from ACTH-concentrates, they may 
show spectra of biological activity different 
from that of corticotropin-B. 

Summary. A product isolated from a pep- 
sin digest of swine corticotropin and behaving 
in countercurrent distribution studies like a 
pure substance has been designated cortico- 
tropin-B. This product not only has very 
high adrenal ascorbic acid reducing activity, 
but is also extremely active in restoring ad- 
renal weight in hypophysectomized rats, and 
has a high degree of chromatophorotropic 
activity. 
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Some Effects of Certain Resorcinol Derivatives on Eastern Equine Enceph- 
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Murray SANDERS, JoN J. KABARA,? MANUEL G. SorET, AND BENJAMIN A. AKIN. 
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Coral Gables, Fla. 


The present report is concerned with com- 
pounds which have a marked in vitro inactiv- 
ating effect on the Eastern Equine Encephalo- 
myelitis (EEE) virus and which are for the 
most part non-toxic, ranging in acute toxicity 
from 15 mg to 50 mg/100 g body weight. 


The study has been divided into two phases. 
In the first, the conditions of interaction were 
investigated by noting the effects of tempera- 
ture, concentration, pH and protein in the 
chemical-virus system. On the basis of this 
information, the second phase, in vitro screen- 
ing of various compounds, was possible under 
simple standard conditions. 


Materials and methods. The EEE virus 
used in this study was obtained through the 
‘courtesy of Dr. Karl Habel, U. S. Public 
Health Service. It was maintained at _30°C 
as pools of 20% mouse brain suspensions (by 
weight) in distilled water. Throughout the 
investigation, CFW mice (18-20 g) were used 
both as source animals and as indicators for 
the presence of virus. The specific nature of 
the virus pools was frequently checked by 
neutralization test with known antiserums. 
In preparing virus for each inactivation ex- 
periment a vial of a given pool was thawed, 
the emulsion diluted 4 times with sterile dis- 
tilled water and centrifuged at 13,000 r.p.m. 
for 5 minutes in a Servall angle centrifuge, 
Model SS1. The supernate was diluted 5 
times to a final virus dilution of 1:100 and 
was maintained in cracked ice until mixed 
with each compound to be tested. To make 
certain that deterioration of virus would not 
be confused with inactivation, the control 
solution was always the last one to be mixed 
and therefore the last to be injected into mice. 


* This investigation was supported in part by a 
grant from the Damon Runyon Memorial Fund, 
Mary Schuck Smith Fund and Mt. Sinai Hospital, 
Miami Beach, Fla. 

t Present address: P. O. Box 1438, South Miami, 
Fila. 


Under the usual experimental conditions, the 
titer of the virus pool was approximately 
10°. Of the 14 resorcinol derivatives, all 
but the 4-chloro- and 4-bromo-resorcinolt were 
synthesized in this laboratory. Agreement of 
melting points (where possible) with previous 
reports was taken as a criterion of purity. 
In the case of the substituted fluorescein dyes, 
purity of the compounds was established by 
quantitative analysis performed by an inde- 
pendent laboratory and by paper chromatog- 
raphy. The 2,7 diiodotetraiodofluorescein is 
a new compound and the method of synthesis 
of this compound as well as new methods of 
synthesis for the 5-nitro-beta-resorcylic acid, 
3,5 diiodo-beta resorcylic acid and octoiodo- 
fluorescein were developed in this laboratory 
and are being reported by one of us(1). 
Inactivation technic. One-half gram of the 
compound to be tested was partially dissolved 
at room temperature (22-24°C) in 2.0 ml of 
sodium hydroxide (1.0 M) plus 23 ml di- 
sodium hydrogen phosphate solution (M/15). 
Twenty-four to 30 hours later, when the in- 
activation experiment was carried out, this 2% 
solution was diluted to 1% with distilled water 
and the desired pH adjustment was made by 
the addition of hydrochloric acid or sodium 
hydroxide solution. To test inactivation, 
1:100 dilutions of both virus and compound 
were mixed and the 1:200 compound-virus 
solution was allowed to incubate under specific 
experimental conditions. The incubation took 
place in the absence of light so that photo- 
dynamic action would not be a factor. When 
virus activity was to be tested at predeter- 
mined time intervals, 1.0 ml of the compound- 
virus mixture was diluted with 4.0 ml of 10% 
inactivated rabbit serum and 0.03 ml of 10- 
fold serial dilution was injected intracerebrally 
into 5 CFW mice per dilution. The LD;o of 
each chemical-virus system was thus deter- 


+ These compounds were obtained from the East- 
man Kodak Co. 
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EFFECT OF TEMPERATURE 
ON INACTIVATION 
OF EEE 


VIRUS AND BUFFER 
CONTROLS 


— LOG OF 
INFECTIVITY 


MINUTES 


FIG. 1. Lower 3 iines represent virus and 2,7- 
diiodotetraiodofluorescein mixtures. Corresponding 
controls are represented by the upper 3 lines. Test 
periods are 60, 180 and 360 min. (At 37°C the 
testing limit was reached at 180 min.) 


mined. The controls consisted of virus in 
buffer solution (NasHPO,, M/15) adjusted 
to the same pH as the compound to be tested. 
All virus mixtures were handled in the same 
manner, each injection of animals per dilution 
taking place within 10 minutes of withdrawal 
of the aliquot to be tested. The inactivation 
effect of a given chemical was then calculated 
by comparing LD5o values of the chemical and 
virus with control and virus. With this tech- 
nic, im vitro inactivation of approximately 6 
logs or 1 million mouse intracerebral units 
could be measured. 

Experimental. I. Conditions affecting in- 
activation of EEE virus with 2,7-diiodotetra- 
iodofluorescein. Effect of temperature on in- 
activation. Using the routine technic, the 
course of inactivation of EEE by 2,7-diiodo- 
tetraiodofluorescein was followed at 3 different 
temperatures: 10°, 23°, and 37°C. The re- 
sults seen in Fig. 1 show the greatest inactiva- 
tion occurred at 37°C. It is noteworthy that 
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the order of inactivation after one hour at 
37°C has, for all practical purposes, proceeded 
to completion, since the initial LD;o of the 
chemical-virus mixture has been reduced 
within that time from 500 million infectious 
mouse units per 0.03 ml to 95 thousand infec- 
tious mouse units. This represents a reduc- 
tion of infectivity of over 99%. 

Effect of dye concentration. Where concen- 
tration of dye was reduced from 1.0% to 
0.4% (Table I), other factors remaining con- 
stant, it was apparent that the greatest degree 
of inactivation occurred with the 1% solution, 
the highest concentration tested. The differ- 
ent inactivating effects of the 3 dye concen- 
trations were more clearly seen at the 360- 
min. test interval. 

Effect of pH. 2,7-diiodotetraiodofluorescein 
solution was routinely prepared so that a final 
pH range of approximately 6.0, 7.0, 8.0, and 
9.0 was obtained in 4 aliquots. Comparable 
virus controls were prepared for each pH. The 
compound-virus and control-virus mixtures 
were incubated at 22°-24°C for one, 3, and 6 
hours, and virus activity was measured at each 
of these time intervals. As can be seen from 
Fig. 2, the most rapid and significant inactiva- 
tion occurred at pH 7.0 and 8.0. At pH 9.0 
and pH 6.0, the action of dye on virus was 
masked because of the rapid deterioration of 
the control in one hour consistent with the 
results of other investigators(2,3). 


Effect of added protein. To study the effect 
of protein on inactivation, 1% 2,7-diiodo- 
tetraiodofluorescein solution was adjusted to 
pH 8.0, as above, and diluted at room tem- 
perature (22°-24°C) with equal parts of virus 
in water, virus in 25% rabbit serum, or virus 
in 50% rabbit serum. Table II illustrates 


TABLE I. Effect of 2,7-diiodotetraiodofluorescein 
Concentration on Inactivation of EEE Virus. 


Change of LD;,* with 
Inactivation mixture time (min.) 

(% dye and virus) 60 180 360 
1.0 6.1 4.1 3.3 
0.7 6.3 5.5¢ 4.7 
0.4 6.5t 5.5¢ 5.3 
Control (Na,HPO,, le 7.5 7.3 


M/15) and virus 


“ Negative log. 
t Estimated LD; (no end point). 
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EFFECT OF pH ON INACTIVAT/ON 
OQRREEE 


VIRUS AND BUFFER 
CONTROLS 


-LOG OF 
INFECTIVITY 


MINUTES 


FIG. 2. Lower 3 lines represent virus and 2,7- 

diiodotetraiodofluorescein mixtures. Corresponding 

controls are represented by the upper 3 lines. Test 
periods are 60, 180 and 360 min. 


the inverse relationship between the degree of 
inactivation and the amount of protein present 
in the dye-virus mixture. It is to be noted 
that the routine dye-virus mixture in water 
inactivated the virus at the same rate as in 
the previous experiment carried out under 
similar conditions, 7.e., a reduction of one and 
4 logs of virus activity occurred at one and 
3 hours respectively, while complete measur- 
able inactivation was seen at 6 hours. In 
view of the known combining power of serum 


TABLDH II. Influence of Protein on Inactivation 
of EEE Virus by a Fluorescein Dye. 


Change of LD;* with 
time (min.) 


Inactivation mixture 60 180 360 
Dye and virus in: 
water 6.9 4.3 KEP soi 
12.5% rabbit serum 7.9 6.9 6.3 
25% ag ze 7.5 (fei >6.5t 
Control (NasHPOQ,, 7.9 8.3 7.9 


M/15) and virus 


* Negative log. 
+ Estimated LD5 (no end point). 
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for halogenated fluoresceins(4-6), these re- 
sults were not surprising. 

II. Screening of resorcinol derivatives by 
inactivation of EEE virus. As a result of the 
first phase, it was apparent that a major de- 
gree of im vitro inactivation occurred when the 
EEE virus and 2,7-diiodotetraiodofluorescein 
were mixed at pH 8.0 and remained in contact 
for 3 hours at room temperature (22°-24°C). 
Therefore, to obtain comparative data, screen- 
ing of other compounds was carried out under 
the same experimental conditions. 

Inactivation of EEE by resorcinol deriva- 
tives. Compounds with heterogeneous group- 
ings were selected so that information could 
be obtained concerning the specific effect sub- 
stitution might have on the process of virus 
inactivation. As can be seen from Table III, 
of the 6 compounds tested in this group, the 
greatest degree of inactivation was obtained 
in the 3,5-diiodo-beta-resorcylic acid-virus 
system with an LDso change from 10° to 
10? within the 3-hour test period. The only 
other inactivation of possible significance oc- 
curred with the use of 4,6-diiodoresorcinol. As 
in phenolic chemistry(7), where the order of 
reactivity of the halogens increases as one 
moves down the periodic table, the bromo and 
chloro compounds were not active against the 
EEE virus under the given experimental con- 
ditions. Using the same screening technic, a 
group of fluorescein dyes was also tested. In 
Table IV, it can be seen that the iodine mole- 
cule again is a significant factor in contribut- 
ing to the inactivating capacity of the fluores- 
cein nucleus. No attempt is made to differen- 
tiate quantitatively between chlorine and bro- 
mine in this respect, because the study has 
been carried out on a per cent concentration 
rather than on the basis of mole weight. How- 
ever, both bromine and chlorine were not con- 
spicuous in their activity. It is also of interest 
that the largest molecule, 7.e., the octoiodo- 
fluorescein with a molecular weight of more 
than 1300, gave the most dramatic inactiva- 
tion, even though its concentration was only 
0.007 M. 

Discussion. The present study has been 
limited to a simplified 7m vitro method and has 
attempted to demonstrate the usefulness of 
this technic. The need for studying various 
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TABLE ILI. Inactivation of EEE Virus by Resorcinol Compounds.” 
LE 


Acute tox- 
icity (min. 
lethal dose), 


Moles/ LD» (neg. mg/100 g 

Compound Mole wt 1% sol. log value) body wt 
5-Nitro-beta-resorcylic acid 198.12 051 7.5 35 
4-Chlororesorcinol 144.57 .069 7.3 15 
4-Bromoresorcinol 189.03 053 (el 45 
2,4-Dihydroxyacetophenone 152.14 .066 7.5 22 
3,5-Diiodo-beta-resorcylic acid 405.96 025 4.7 >50 
4,6-Diiodoresorcinol 361.95 028 Be 40) 

Tes 


Control (Na,HPO,, M/15) 


2 joel ‘of ‘compounds == Al). 


Contact period between virus and compound = 3 hr. 


Bxp. at 22°-24°C, 


TABLE IV. Inactivation of EEE Virus by Fluorescein Dyes.* 


Acute tox- 
icity (min. 
lethal dose), 


Moles/ - LDs (neg. mg/100 g 
Compound Mole wt 1% sol. log value) body wt 
< — 
Fluorescein 332.30 .030 8.3 50 
4,5-Diiodofluorescein 584.14 O17 6.3 40 
Tetrachlorofluorescein 470.14 .021 5.9 39 
Tetrabromofluorescein 647.98 015 7.d 40 
Tetraiodofluorescein 836.28 .012 D7 45 
4,5-Duiodotetraiodofluorescein 1088.12 009 5.1 35 
2,7-Diiodotetraiodofluorescein 1088.12 009 6.3 30 
2,4,5,7-Octoiodofluorescein 1339.96 007 3.5 40 
8.3 


Control (Na,HPO,, M/15) 


* pH of compounds == 8.0. 


Contact period between virus and compound = 3 hr. 


conditions of virus-chemical interaction is 
apparent since failure to consider this factor 
has resulted in negative reports for such acid 
dyes as eosin, eosin B, eosin Y, erythrosin and 
rose bengal (8-11). 

From the structure of the molecules ob- 
served in this study, it seems that the most 
active molecules contain iodine atoms as 
shown by the high inactivating capacity of 
4,6-diiodoresorcinol, 3,5-diiodo-beta-resorcylic 
acid and octoiodofluorescein. That the inac- 
tivation by the iodinated resorcinols is not due 
to free iodine is evident from the following. 
Greater inactivation occurred at pH 7.0 and 
8.0 than at 9.0, the pH at which iodine is more 
easily freed. Furthermore, resorcinol deriva- 
tives without iodine have been found to pos- 
sess great inactivating capacities(12). How- 
ever, iodination enhanced the inactivating 
capacity of resorcinol derivatives to a greater 
extent than other forms of halogenation. 

Conclusions. 1. Various resorcinol deriva- 


Exp. at 22°-24°C. 


tives of a non-toxic nature have been shown 
to be active against EEE virus under in vitro 
conditions. 2. Some factors affecting inactiva- 
tion of EEE virus by 2,7-diiodotetraiodo- 
fluorescein have been presented and their im- 
portance in an im vitro study on compound- 
virus interaction stressed. 3. An in vitro 
screening technic has been demonstrated per- 
mitting the study of the effect of compound 
configuration on virus activity. 
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From the Research Laboratories, National Drug Co., Philadelphia, Pa. 


Cation exchange resins of the carboxylic 
and sulfonic types have found wide applica- 
tion in medical practice for the purpose of 
sodium removal in cardiac decompensation 
cases. A major deterrent to a still broader 
use is the bulk of such agents required for 
therapeutic efficacy. Clearly, any improve- 
ment in capacity would tend to reduce re- 
quired intake and hence increase patient co- 
- operation. ; 

It was postulated that capacity would be 
augmented through the removal by chelating 
agents of polyvalent cations leaving only the 
monovalent cations for exchange with the 
resin. Even if this ideal state could be ap- 
proximated, improvement should ensue. Eth- 
ylenediamine tetra-acetic acid or any similar 
agent will chelate only with polyvalent cations 
and it is these ions which possess the greater 
affinity for cation exchange resins, and there- 
fore reduce in vivo capacity. 

Experimental. The experimental design 
paralleled in large measure that employed by 
McChesney and his associates(1-3), Ch’en 
and Freeman(4), and others. Natrinil, a 
commercial product, which is a purified cation 
exchanger carboxylic in a very finely divided 
state (90% through 200 mesh), 20% in the 
potassium cycle, and 80% in the hydrogen 
cycle was used. The in vitro capacity was ca. 
10.0 meq./g. The ethylenediamine tetra- 


acetic acid was a very pure sample which was. 


used without further purification. The diet 
had the following composition: 
gs 
Casein 1500 
Salt mix (Hubbel, Mendel, Wakeman) 300 


Crisco 1050 


Suerose 3000 
Cod liver oil 225 
Sodium chloride 75 
Yeast 600 
Roughage or resin as desired 750 

Total 7500 


As indicated above, any quantity of roughage 
may be replaced by resin as the experiment 
would require. In this way the total quantity 
of bulk was kept roughly constant. The resin 
was incorporated into the diet at a 5% level 
and the EDTA when used at a 1% level. 


A pair of rats was placed in each metab- 
olism cage and given the experimental diet 
and water ad libitum for 3 days, were then 
placed in clean cages and the diet was con- 
tinued with careful check on the food con- 
sumption. The feces were collected every day 
and pooled until the end of the experiment. 
The urine was allowed to accumulate in con- 
tainers containing 3 ml of concentrated nitric 
acid. The rats were kept on this diet for 4 
days and were then placed in clean cages on 
the same or new diet for the conditioning 
period (3 days). The collection was made in 
the usual way. The feces were thoroughly 
dried at 80-105°C, then ground and _thor- 
oughly mixed. 

After a review of the literature on flame 
photometry it was decided to check the results 
reported by Mosher ef al.(7) and the agree- 
ment was good. Methods were then developed 
using the idea of radiation buffers as proposed 
by West e¢ al.(8). It was found that the re- 
sults obtained by this procedure were com- 
pletely reproducible. Methods for the various 
elements are summarized briefly below. The 
urine was checked to make certain that it was 
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TABLE I. Effect of Ethylenediamine Tetra-Acetic Acid on In Vivo Capacity of Cation 
Exchange Resin. (All values mg/100 g of ingested food.) 


Carboxylie Combined 
cation ex- resin + 

EDTA change resin EDTA Controls 
Fecal N 86 (4 f WO EB) 346 ( 2) 75 (20) 
Bert = . 123° (10) 176 (10) 51 (19) 
— L757) 245 ( 7) 67 (20) 

— 164 ( 7) 211 ( 7) — 
Urinary Na 536 (4 388 ( 5) 476 ( 2) 458 (20) 
ate} ey 312 (10) 202 (10) 350 (19) 
— 249 ( 7) 189 ( 7) 309 (20) 

244 ( 7) 194 ( 7) — 
Feeal K. 110 (4 138° ( 5) 409 ( 2) 114 (20) 
si — xe 124 (10) 234 (10) 84 (19) 
— TE (Ese) 273 ( 7) 81 (20) 

a Ne XC 221 C7) — 
Urinary K. 593 (4) 674 ( 5) 823 ( 2) 595 (20) 
—~ 571 (10) 405 (10) 436 (19) 
— ATS 7) 398 ( 7) 438 (20) 

— 5038 ( 7) 460 ( 7) — 
Fecal Ca 487 (4) 639 ( 5) 899 ( 2) 741 (20) 
— 729 (10) 529 (10) 641 (19) 
— 584 ( 7) 541 ( 7) 705 (20) 

— 6388 ( 7) 462 ( 7) — 
Urinary Ca 44 (4) Zo) 38 ( 2) 14 (20) 
— 16 (10) 18 (10) 27 (19) 
_— 14 ( 7) TONCs 7.) 29 (20) 

— Te A Ta) 22° ( 7) — 
Feeal Cl. 108 (4) 102 ( 5) 194 ( 2) 118 (20) 
— 57.8 (10) 179 (10) 61 (19) 
— 113 (7) 189°( 7) 104 (20) 

— 92 ( 7) 152 ( 7) _ 
Urinary Cl. 954 (4) (AUS Neds) 903 ( 2) 815 (20) 
— 626 (10) 552 (10) 630 (19) 
— 463 (7) 490 ( 7) 532 (20) 

— 626 ( 7) 604 ( 7) — 


Figures in parentheses represent No. of pairs of rats in each exp. leading to avg value stated. 


definitely acid and was then diluted to 200 cc 
(urine stock solution). The “sodium buffer” 
was prepared by dissolving 0.5 mole each of 
potassium, calcium and magnesium chlorides 
in one liter of solution. In a similar fashion 
the “potassium buffer” was 0.5 molar in 
sodium, calcium and magnesium chlorides, 
while the “calcium buffer” was 0.5 molar in 
sodium, potassium and magnesium chlorides. 
For the determination of sodium in urine, a 
standard curve was prepared using 1 ml of 
sodium buffer per 100 ml and known amounts 
of sodium chloride. The unknown was then 
prepared in the same way and its value deter- 
mined from the standard curve. The method 
for potassium was similar to sodium except 
that the potassium buffer was used at the level 
of 4 ml of buffer per 100 ml. For the analysis 
of calcium in urine a new method, the validity 


of which will be established elsewhere, is de- 
scribed. Five ml of urine were pipetted into 
a 25 cc graduated cylinder; 0.5 ml of calcium 
buffer was added and then 3.0 ml of 1.0 N 
ammonium hydroxide. This mixture was di- 
luted to 25 ml, allowed to stand for 10-15 
minutes and then filtered. The clear filtrate 
was read on the flame photometer. The 
method for chloride in urine was that of Sen- 
droy modified by Van Slyke and Hiller(9). 
Two g of dry, ground feces were placed in a 
Vycor crucible, moistened with 1 cc of 6 N 
sulfuric acid, evaporated to dryness, charred, 
ashed in a muffle furnace at 500 to 550°C, 
cooled. One cc of conc. HCl added and the 
mixture heated. One cc of conc. HNO; was 
added and this was heated. Five ml of dis- 
tilled water were added and the mixture 
heated to boiling. It was then diluted to 25 
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ml and filtered. The filtrate was used for 
analysis of sodium, potassium and calcium in 
a manner similar to that described for the 
urine. The method for chloride in feces was 
essentially the open Carius method with a 
modified Volhard-Harvey titration as de- 
scribed by Peters and Van Slyke(10). Phos- 
phorus in the urine and feces was determined 
as outlined in Hawk, Oser, and Summer- 
son(9). 

Results and discussion. From Table I, it is 
seen that ethylenediamine tetra-acetic acid 
given alone does not modify sodium, potas- 
sium or chloride content but does reduce cal- 
cium content of feces. The chelator tends to 
increase urinary calcium and chloride with no 
modification in sodium or potassium. In ex- 
planation, it is proposed that calcium as a 
result of its chelation is removed from in- 
soluble salts normally present in the intestine 
and rendered soluble with resultant absorption 
and subsequent excretion via the kidney. The 
facilitation of chloride absorption caused by 
‘the EDTA, as reflected in increased urinary 
excretion, results from reduction by EDTA of 
calcium cation concentration normally re- 
stricting some chloride ions to the intestinal 
content. 

The results reported with the cation ex- 
change resin alone are in large measure similar 
to those reported by other investigators(1-4) 
and need no comment. The combination of 
EDTA with the cation exchange resin com- 
pared to resin alone resulted in a marked in- 
crease in the capacity of the resin for sodium 
and potassium removal. Calcium excretion 
in the feces was decreased by the concomitant 
administration of EDTA with the resin. The 
proposed explanation of these findings is that 
calcium is chelated as when EDTA is given 
alone and as a result absorbed or rendered 
non-reactive. This frees the full capacity of 
the resin for exchange with monovalent cation, 
and the result is increased capacity. The de- 
gree of this effect will be associated with the 
relative abundance of polyvalent and mono- 


Sih 


valent cations in the intestinal content, the 
higher the relative polyvalent ion concentra- 
tion the more marked will be the potentiation 
manifested by the EDTA. 


EDTA given alone does not modify fecal 
chloride but does increase urinary chloride. 
Given with a resin, it modifies the resin effect 
in that it reduces urinary chloride and in- 
creases fecal chloride. It will be recalled that 
anion exchange resins modify the altered anion 
excretion caused by cation exchangers in that 
urinary chloride éxcretion is decreased and 
fecal chloride excretion is increased(5,6). 
Whether or not EDTA reduces the hyper- 
chloremia resulting from cation exchange 
resin administration remains to be found. It 
may well be that the combination will reduce 
the tendency toward the development of 
acidosis associated with resin usage. 


Summary. Ethylenediamine _ tetra-acetic 
acid given with a carboxylic cation exchange 
resin increases the capacity of the resin for 
monovalent cation removal. A concept is ad- 
vanced in explanation of this effect. 
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Fate of Gentisic Acid in Man as Influenced by Alkalinization and 


Acidification. 
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Rospert C. BATTERMAN AND EVELYN M. SOMMER. 


From the Department of Medicine of the New York Medical College and the Metropolitan 
and Roosevelt Hospitals, New York City. 


Gentisic acid in the form of its sodium salt 
has been recently advocated as an anti-rheu- 
matic and analgesic in place of salicylates. It 
was first pointed out by Neuberg(1) that 
gentisic acid could be recovered from the 
urine of subjects receiving salicylates. It was 
not, however, until 1948 that Ragan and 
Meyer(2) suggested that gentisic acid might 
be the active anti-rheumatic factor of salicy- 
lates in view of its marked ability to inhibit 
hyaluronidase. Although the anti-rheumatic 
activity and analgesic action of gentisic acid 
has been confirmed(3), there is considerable 
doubt that gentisic acid per se is the sole active 
component of salicylate metabolism. Since 
gentisic acid possesses these properties in its 
own right, it was thought advisable to investi- 
gate its fate after oral administration in man 
in order to determine whether gentisic acid 
behaves in the body like salicylates. This 
report will consider primarily the urinary 
excretion of gentisic acid as compared with 
salicylates when influenced by acidification 
and alkalinization. 

Method. Groups of subjects without renal 
or gastrointestinal disease were given 300 mg 
of sodium gentisate or sodium salicylate orally 
3 times daily for 7 days to assure saturation 
before samples were collected for analysis. 
The drug was then continued and 24-hour 
urines were collected for 3 consecutive days. 
Similar studies were repeated but with the 
administration of sodium gentisate or sodium 
salicylate in combination with sodium bicar- 
bonate (0.6 g), dilute hydrochloric acid (1 cc 
of 0.1 N, U.S.P.), or ammonium chloride 
(enteric coated 1 g) 3 times daily. The 
salicylates were then determined by the meth- 
od of Lester, Lolli, and Greenberg(4). An 
aliquot of the 24-hour urine was acidified with 
hydrochloric acid and then hydrolyzed. The 
hydrolysate was then extracted with ethylene 
dichloride which was in turn extracted with 
water. Ferric nitrate was added to the 


aqueous extract to produce a blue color. The 
method of determining gentisic acid was a 
modification of the methods advocated by 
Lutwak-Mann(5) and Kapp and Coburn(6). 
The urine was acidified with hydrochloric acid 
and extracted with ether until the urine failed 
to give the alkali test (i.e., urine plus sodium 
hydroxide would give a pink color if any ~ 
gentisic acid were present). The ether ex- 
tract was washed with sodium bicarbonate 
until colorless. The aqueous layer was reex- 
tracted with acid and ether. If salicylate was 
known to be present, chloroform and benzene 
were used to remove the salicylate. The ether 
layers were dried, taken up in potassium acid 
phthalate, and ferric chloride added to pro- 
duce a blue purple color which could then be 
measured colorimetrically. 

Results. The data on gentisic acid re- 
covery, whether combined or free and the in- 
fluence of alkalinization or acidification are 
summarized in Table I. The results of similar 
studies with salicylates, representing only the 
total salicylate and its gentisic acid metabolite 
are indicated in Table II. 

We were able to recover approximately 
62% of the gentisic acid when the sodium 
gentisate was administered alone. Of. this, 
approximately 42% existed in the free form. 
The simultaneous administration of sodium 
bicarbonate increased the total excretion of 
gentisic acid by about 35% so that we were 
able to recover 84% of the gentisic acid ad- 
ministered in the form of its sodium salt. It 
is of interest to note that although the amount 
of free gentisic acid recovered was increased 
by alkalinization, there was no change in the 
relative proportion of free to the total amount 
eliminated (Table I). 

With acidification produced by adminis- 
tering dilute hydrochloric acid, there was a de- 
crease in the total excretion of gentisic acid 
at the expense of the combined, the free re- 
maining unaltered. However, when acidifica- 
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TABLE III. Statistical Data. 
SE ———————————————————————eeee 
— Total gentisie acid— 


Group* Mean,mg Range, mg SD,t mg Bal dees 
1. GA. Beha Sys 280-805 +124,9 ms 
G.A. + NaHCO; 721 646-802 +153.9 7.37 
G.A. + HCl 431 224-552 Sis fais) 3,82 
G.A. + NH,Cl 493 443-631 + 60.2 1.05 
2a) 622 538-685 + 48.73 == 
S + NaHCO, 787 709-858 Serie 11.6 
S+ HCl 478 344-624 + 74.1 6.3 
S + NH,Cl 435 380-509 + 44,2 13.6 
3. G.A. recovered: 
from S 48.8 40.5-59.8 s+ * 5:62 —_— 
from S + NaHCO, 70.9 59.3-86.8 Su) = (id yal 
from 8S + HCl 43,2 35.0—-50.1 + 4.09 3.09 
from S + NH,Cl 41.5 33.7—47.2 ate NORTEL 4.06 
* G.A. = Gentisie acid; S = Salicylate. 
+ SD = Stand. dev. 
¢ ‘<TD’? — Statistical symbol to indicate significance. 


tion was obtained by the use of ammonium 
chloride, a lesser effect upon combined gentisic 
acid was demonstrated than with hydrochloric 
acid. 

Approximately 68% of the administered 
sodium -salicylate was recovered in 24 hours 
from the urine. Approximately 6% of the 
administered sodium salicylate was recovered 
as gentisic acid. Upon alkalinization there 


was a 28% increase in the total salicylate ex- . 


creted so that we were able to recover approxi- 
mately 88% of the drug administered (Table 
II). Alkalinization also affected the excre- 
tion of the degradation product, gentisic acid, 
since its excretion increased to 8.4% which 
represents an increase of approximately 38%. 
Although there was an absolute increase in the 
free gentisic acid, there was no alteration in 
the proportion of free to combined obtained 
prior to alkalinization. 

Acidification with dilute hydrochloric acid 
resulted in a decrease of total salicylate so that 
only 51% of the administered amount was 
recovered. This decreased excretion was also 
reflected in the total gentisic acid recovered, 
but again at the expense of the combined. 

In contrast to the effects of ammonium 
chloride on gentisic acid which were insignifi- 
cant, the simultaneous administration of am- 
monium chloride with sodium salicylate re- 
sulted in typical changes associated with acidi- 
fication. 

Table III presents a statistical evaluation 
of the data. The results with gentisic acid 


are statistically significant for alkalinization 
with sodium bicarbonate and acidification with 
hydrochloric acid. The data obtained for 
salicylate elimination and the elimination of 
its gentisic acid metabolite are also significant. 

Discussion. In the main, gentisic acid fol- 
lowed the same pattern of excretion as salicy- 
late. However, when the gentisic acid pro- 
duced by salicylate administration was com- 
pared to the administration of sodium gentis- 
ate alone, there was noted a significant differ- 
ence in the proportion of free to total gentisic 
acid recovered. Where the amount of free 
gentisic acid obtained from salicylate adminis- 
tration was approximately 10% of the total 
gentisic acid recovered; with the administra- 
tion of the gentisate alone, free gentisic acid 
comprised approximately 42% of the total. 
This proportion of free to total obtained from 
the salicylate administration remained un- 
altered under the influence of alkalinization 
and acidification. We have no explanation as 
to why the proportion of free gentisic acid to 
combined is much lower when obtained from 
salicylate administration than from sodium 
gentisate alone. 

If the anti-rheumatic and analgesic effects 
of gentisic acid are dependent upon the 
amount of free gentisic acid present in the 
body, it is apparent that the amount of the 
free gentisic acid formed from salicylate would 
not be of sufficient amount to be of clinical 
significance. Too small amounts of free 
gentisic acid are present after salicylate ad- 
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ministration to account for the latter’s phar- 
macologic effects. The amount of free gentisic 
acid present in the body cannot be changed 
by alkalinization or acidification and therefore 
the effects noted are of pharmacologic but not 
clinical interest. 

Conclusions. 1. The recovery of gentisic 
acid and salicylate were similar, approxi- 
mating 62 and 68% respectively of the ad- 
ministered drugs, and 84 and 88% respective- 
ly, following alkalinization. 2. Alkalinization 
increased the combined and free forms of 
gentisic acid eliminated but did not alter their 
relative proportions. 3. The amount of gen- 
tisic acid recovered from salicylate adminis- 
tration was increased with alkalinization with- 
out alteration in the proportion of free to 
combined gentisic acid obtained with salicy- 
late alone. 4. Whereas the free gentisic acid 
represented approximately 42% of the total 
gentisic acid recovered when administered 
alone, the amount of free gentisic acid ob- 
tained from salicylate administration repre- 
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tisic acid. 
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sented approximately 10% of the total gen- 
5. Acidification with dilute hydro- 
chloric acid, but not ammonium chloride de- 
creased the total excretion of gentisic acid at 
the expense of the combined, the free remain- 
ing unaltered. 6. Acidification with both 
dilute hydrochloric acid and ammonium 
chloride decreased the total excretion of salicy- 
late and the combined gentisic acid metabolite, 
the proportion of free to combined gentisic 
acid remaining unaltered. 
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From the Department of Pathology, School of Medicine, Western Reserve University, Cleveland. 


During the course of an_ histochemical 
study of thermally injured rat skin, a unique 
differential staining property of heat-altered 
collagen was observed. 

Methods. The abdomen of young adult 
male rats was exposed to various temperatures 
between 50°C and 80°C for 1-2 minutes in a 
thermostatically controlled water bath. The 
area exposed was limited by a shielding device. 
Immediately following the thermal exposure, 
skin blocks were excised which included both 
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the exposed and shielded areas. These were 
immediately fixed in Carnoy’s fixative to pre- 
vent solution of water soluble substances pres- 
ent as normal constituents of skin or as a re- 
sult of the heat treatment. 


Results. Paraffin sections (4 ,) were 
stained for 24 hours at room temperature by 
an aqueous solution of aniline blue (C.I. No. 
707) and a mordant, phosphomolybdic acid. 
Both the normal and the heat-altered collagen 
of the rat skin stained an intense blue. When 
the hyperthermic episode ranged between 
50 and 60°C, the heat-altered collagen was 
indistinguishable from that of normal un- 
heated skin. At higher temperatures (70°C 
and 80°C) the heat-altered collagen showed 
a variable loss in structure, due to homogen- 
ization and swelling of the individual bundles. 
Orange G (C.I. No. 127) added to the above 
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TABLE I. Staining of Rat Skin Collagen. Effeet of solvents and dye combinations. 


Exposure, — Stain soln.* + Collagen stain— 
1G Dyes Solvent Treatment Normal Burn 
50 Te M 0 Bt B 
55 We so) M 0 B B 
60 I es M 0) B B 
70 1,.2.3 M 0 B Y 
80 iy 2a) M 0 B we 
50-80 1, 2:8 Ww 0 B B 

70 13 M 0 0 ¥ 

80 a3 M 0 0 aye 

70 2,3 M 0 B 0 

80 2,3 M 0 B 0 
50-80 1.2.8 M Saline phosphate B B 
50-80 1288 M Trypsin B B (a) 


wy ips Orange G; 2— Aniline blue; 3 = Phosphomolybdie acid; M 


tilled water. 


— Methanol; W = Dis- 


+ B= Blue; Y == Yellow; (a) = Any collagen remaining, following tryptic digestion. 


aqueous staining solution serves as a cyto- 
plasmic and keratin stain. 

When, however, the above stains (aniline 
blue, phosphomolybdic acid) were dissolved in 
absolute methanol and duplicate tissue sec- 
tions stained for 24 hours, there was a striking 
difference in the staining properties of normal 
collagen and those of collagen which has been 
brought to temperatures of 70°C or above. In 
these circumstances, the thermally-altered 
collagen stained intensely with Orange G in 
contrast to the normal unheated collagen, 
which is still stained dark blue by the aniline 
blue. At the periphery of the heat-altered 
area, many of the collagen bundles appeared 
structurally unchanged to the extent that they 
were not swollen and had not lost their fibrillar 
appearance. In this region, where the tem- 
perature rise was not as great, collagen stained 
blue-green. On inspection at high magnifica- 
tion, this was seen to be due to partial uptake 
of both Orange G and aniline blue by indi- 
vidual collagen bundles. Sections stained 
with either dye plus phosphomolybdic acid in 
absolute methanol showed the dye uptake of 
normal and heat-altered collagen to be mu- 
tually exclusive, i.e., normal collagen was un- 
stained by Orange G and heat-altered collagen 
was unstained by aniline blue. Where tissues 
were prepared in aqueous fixatives and stained 
by the methanol staining method, differential 
staining of norma! and heat-altered collagen 
did not occur. These sections stained blue 
throughout. 

From these studies it was inferred that the 


hyperthermic episode had rendered some com- 
ponent of the dermal collagen water soluble. 
In addition, this component was altered in its 
staining reaction to aniline blue and failed to 
be stained by it. Rather, it now was stained 
by Orange G. When microscopic sections were 
extracted with distilled water, M/15 Sorenson 
Buffer plus M/50 NaCl at pH 7.7, or M/6 
NaCl alone, the normal and heat-altered col- 
lagen both stained blue in the methanol dye 
solution given above. The heated areas, how- 
ever, showed some attenuation and loss of 
stainable collagen. These observations fur- 


ther substantiated the presence of an aqueous * 


soluble collagen derivative, the result of the 
thermal exposure. That the previously dif- 
ferentially stained heat-altered collagen bun- 
dles became aniline blue positive following 
various aqueous extractions suggested a sur- 
face alteration of the collagen bundles con- 
sistent with partial denaturation. As such, 
this reaction might be interpreted as a par- 
tition of the effect of heat on collagen. 

A further partition was observed by the 
staining of sections which were treated with 
trypsin (1 mg/ml in M-15 Sorenson Buffer- 
M/50 NaCl at pH 7.7) for one hour at 37°C. 
Sections of skin previously exposed at temper- 
atures from 60°C to 80°C showed degradation 
and attenuation of collagen bundles which 
were most marked at the highest temperature 
(80°C). In some cases, normal collagen 
structures were completely obliterated by the 
tryptic action. On the other hand, the stain- 
ing reaction of normal unheated portions of 
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TABLE II. Differeutial Staining of Heat-Altered* 
Collagen by Azo Dyes. 


No.of chemi- 


Ci. cal groups Differential 
Dye No. Azo So. stain 
Orange I 150 1 1 + 
I 151 ] I = 
Ill 142 1 1 a 
IV 143 1 1 oe 
G 127 ] 2 + 
Amaranth 184 1 3 + 
Sudan IIT 248 2 0 == 
Biebrich searlet 280 2 2 + 
Chlorazol black E 581 3 2) — 


* Heat exposure 70°C or more. 
cised 90 sec. after heating. 


Specimens ex- 


collagen on the sections was deep blue and 
similar to that seen in the untreated controls. 
In both portions, all remaining collagen 
stained blue. These observations served to 
verify the specificity of the Orange G_ for 
staining heat-altered areas of collagen. 

In addition, the effect of trypsin further 
partitions the heat-induced alterations of col- 
lagen. In sections failing to stain differen- 
tially with Orange G (e.g., 60°C), there was, 
nevertheless, a loss of collagen substance by 
enzyme treatment. This effect perhaps dem- 
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onstrates collagen that has been sufficiently 
altered by the thermal exposure to render it 
hydrolyzable by trypsin but still quantita- 
tively not degraded enough to yield the 
Orange G aqueous soluble products formed at 
higher temperatures or times of exposure. 

Preliminary studies of the specificity of the 
azo dye uptake in methanol solutions are pre- 
sented in Table II. These results showed that 
mono-azo and di-azo dyes with mono, di, and, 
trisulphonated end-groups all stain heat- 
altered collagen differentially. The triazo, 
disulphonated dye, chlorazol black E, failed to 
stain the heat-altered collagen. In this situa- 
tion, the heated area was completely un- 
stained. Non-sulphonated azo dyes did not 
stain collagen at all, while the trisulphonated 
diazo dye, amaranth, appeared to differentially 
stain heat-altered collagen, even more in- 
tensely than Orange G (di-azo, disul- 
phonated). 

These preliminary studies are presented at 
this time because of their possible usefulness 
in the understanding of collagen degradation 
during thermal injury. 
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Circulatory Changes in the Hamster’s Cheek Pouch Associated with 
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From the Department of Neurology and Neurosurgery, McGill University and the Montreal 
Neurological Institute. 


Swank(1) showed that the red blood cells 
in humans and dogs, when observed in whole 
blood smears in dark field illumination, have a 
tendency to aggregate, be adhesive to one an- 
other. and be distorted 4 to 9 hours after a 
large fat meal (2 to 4 g/kg). These changes 
in the suspension stability of the blood were 
usually first detected about an hour after the 


* Supported jointly by the Multiple Sclerosis So- 
ciety of Canada and the Department of National 
Health and Welfare, Ottawa. 

+ Aided by a Fellowship from the National Foun- 
dation for Infantile Paralysis. 


chylomicron response had passed its peak, and 
they increased, sometimes becoming very 
marked, as the the visible lipemia lessened. 
With complete clearing of the visible lipemia 
9 to 12 hours after the fat meal the suspension 
stability of the blood returned to normal. The 
altered suspension stability of the red blood 
cells was accompanied by a tendency of the 
chylomicrons to aggregate, by changes in the 
sedimentation rate and hematocrit(1), and by 
alterations in the pattern of paper chromato- 
grams (Swank, Franklin and Quastel) (2). 

In the present paper the effects of large fat 
meals on the intact circulation of the blood 
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in the cheek pouch of the golden hamster will 
be reported. 

Material and methods. Golden hamsters 
weighing 70 ‘to 100 g were fed via stomach 
tube cream fat meals varying in size from 4 
to 15 g/kg body weight. At variable intervals 
after the fat meal the animals were anes- 
thetized with 20% urethane intraperitoneally 
and one cheek pouch was inverted and pre- 
pared for visualization by the method of 
Fulton, Jackson and Lutz(3). In most cases 
one membrane of the pouch was removed, but 
for control purposes a number of pouches were 
studied with the membranes intact to de- 
termine the effect of the increased trauma and 
exposure occasioned by ‘the removal of one 
membrane. The pouch was immersed in 
Ringer’s solution and maintained at a temper- 
ature of 37.5°C. Observations were made at 
magnification of 750 X to 1350 X but for 
cinephotomicrography only the 50 X water 
immersion objective was used. In a few early 
studies black and white film was used for 
cinephotomicrography but usually ‘the circula- 
tory changes were recorded in color. The 
movies were all taken at 32 frames/second, 
but they were studied at 16 frames/second 
to allow better visualization of the blood 
elements. In a number of hamsters a small 
polyethylene tube was placed in ‘the femoral 
vein so that injections could be made and fre- 
quent blood samples could be obtained. The 
blood samples were observed in dark field 
illumination to determine the chylomicron 
counts. For control purposes a number of 
animals were studied without inserting the 
tube. This study is based on observations 
in approximately 100 hamsters. 


Results. A. Circulation in the cheek pouch 
of normal hamsters. Our control hamsters 
consumed a diet of mixed grain, vegetable 
greens, and fox chow (approximately 20% 
of the total calories of fox chow are furnished 
by fat; the vegetable greens and mixed grain 
which made up a large part of the diet contain 
very little fat). In none of our control studies 
of the cheek pouch of the hamster was sticki- 
ness or aggregation of the red blood cells 
noted. A variable amount of adhesiveness of 
the white blood cells to the walls of the blood 
vessels, and an occasional clump of platelets 
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were observed. This usually increased after 
3 or more hours of exposure and observation 
of the pouch, at which time petechial hemor- 
rhages also began to appear. Occasional 
groups of red blood cells in rouleaux formation 
were also observed in normal pouches. These 
usually consisted of no more than 2 to 3 red 
blood cells, and the individual cells were 
clearly distinguishable and readily separated 
from one another when the flow of blood 
changed direction or was interrupted by a 
more rapid flow in anastomosing vessels. Even 
when the flow was greatly slowed and even 
stopped by the production of shock, by an- 
aphylaxis, or by the injection of the histamine 
liberator 48/80, no increased tendency to 
adhesiveness or aggregation of the red blood 
cells was noted. ; 


B. Circulation in the cheek pouch of lipemic 
hamsters. It was found that the hamsters 
usually developed a greater alimentary lipemia 
if they had been on a high fat diet (approxi- 
mately 50% of the calories were furnished by 
fat) for a period of some days. Most of our 
animals had been on such a diet for one to 
three weeks prior to observation and frequent- 
ly this was supplemented by a daily feeding of 
cream for 2-4 days prior to visualization of 
their pouches. We have, however, observed 
a significant lipemia with changes to be de- 
scribed in the circulating red blood cells fol- 
lowing a single fat meal without prior high 
fat feedings. On the day for visualization, the 
pouch was exposed 3 to 6 hours after the fat 
meal. No change was observed in the red 
blood cells during the period of increasing 
visible lipemia. When the chylomicron count 
began to fall, usually 4 to 7 hours after the 
fat meal, changes in the suspension stability 
of the red blood cells developed. First the 
red blood cells appeared to be slightly adhesive 
to one another, and here and there a red blood 
cell stuck momentarily to the wall of a capil- 
lary or venule or to a white blood cell which 
was adherent to a vessel wall. The tendency 
to rouleaux formation increased; the size of 
these formations greatly increased and the 
cells showed a definite tendency to remain to- 
gether under circumstances which would other- 
wise have separated them. Simultaneously 
the speed of the circulation decreased. This 
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tendency toward aggregation gradually be- 
came much greater and in capillaries and 
venules red blood cells began to aggregate in 
irregular small clusters of four to 12 or more 
cells. In many vessels the flow of blood be- 
came extremely slow, and in many of these 
the flow soon stopped completely. These 
changes became first evident and remained 
most pronounced in the venules. When the 
changes just described became pronounced the 
aggregates of red blood cells assumed an 
amorphous, homogeneous appearance and the 
outlines of the individual cells could no longer 
be distinguished clearly. Frequently the red 
blood cells had the appearance of being 
covered by a “doughy” opaque material. In 
those vessels in which the rate of flow was 
greatly reduced, particularly in the venules 
and smaller veins, the blood flowed in great 
“chunks”. When adherent cells separated 
one could sometimes see them elongated as if 
stretched out and on a few occasions thin 
strands could be made out attaching them 
‘together (Fig. 6 in paper by Swank(1)). 
Sometimes clumps of platelets and platelets 
adhering to red blood cells were observed at 
this stage. As a rule, however, no increased 
adhesiveness of the white blood cells was noted 
unless the pouch had been opened. Petechial 
hemorrhages usually appeared in_ those 
pouches in which adhesiveness of the red 
blood cells was observed; but they were seen 
later and were less numerous than in our con- 
trol hamsters, sometimes being absent after 
as long as 8 hours of exposure. Some degree 
of aggregation and adhesiveness of the red 
blood cells and slowing of the circulation has 
been observed in all of the hamsters which 
developed a significant lipemia. These changes 
have never been seen in any of our control 
animals. 

With clearing of the visible lipemia 7 to 
10 hours after the fat meal the circulation 
became more rapid and the adhesiveness of 
the red blood cells became less marked. In 
many vessels in which the circulation had 
stopped for some hours, the sticky masses of 
cells were seen slowly oozing out of the vessels 
into more rapid flowing streams of blood. 
Occasionally one saw the circulation re-estab- 
lished suddenly in a capillary loop. The 
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circulation has never returned entirely to 
normal during the same period of observation. 
This is probably due in part to trauma to the 
pouch resulting from its long exposure. How- 
ever, prolonged exposure per se causes no 
change in the adhesiveness of red blood 
cells. A number of hamsters with circulatory 
changes as marked as just described were 
allowed to recover and their pouches were 
observed several days later. The circulation 
was then normal. 


C. Circulation in cheek pouch after injec- 
tions of gelatin, egg albumin and dextran. We 
have seen changes in the suspension stability — 
of the red blood cells similar to those asso- 
ciated with lipemia after intravenous injec- 
tions of small amounts of high-molecular- 
weight hydrophilic colloidal solutions of 
gelatin, egg albumin, and _ high-molecular- 
weight dextran. In these experiments the de- 
gree of change varied directly with the amount 
injected and could be reversed toward normal 
by subsequent injection of low-molecular- 
weight dextran, as shown previously by 
Thorsen and Hint(4). 

Discussion. The changes in the suspension 
stability of the blood which we have observed 
in the cheek pouch of the hamster after large 
fat meals have some features in common with 
the changes noted by Lister(5) in the injured 
wing of the bat, and referred to as “sludging” 
by Kniseley e¢ al.(6) when seen in the mon- 
key in the terminal stage of malaria. Lutz 
and his coworkers(7) have not observed sludg- 
ing in infectious disease, in stasis of the 
circulation and in the many other experimen- 


tal studies which they have made of the 


hamster’s cheek pouch. Lutz(7) appears to 
doubt the validity of some of Kniseley’s re- 
ports because he thought that Kniseley had 
“extended his concept, without crucial evi- 
dence, to include blood flow characteristics 
which differ from those of the sludged blood 
he originally defined.” 

The significance of the adhesiveness and 
aggregation of the red blood cells which occurs 
after a large fat meal, and the mechanism of 
these changes are unknown. They have been 
discussed elsewhere(1,8). If it can be shown 
that a significant increase in the viscosity of 
the blood and hypoxia of the tissues can re- 
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sult from alimentary lipemia then this bio- 
logical mechanism is of considerable physio- 
logical and probably of pathological signifi- 
cance. One can only speculate concerning the 
importance of this mechanism in human dis- 
ease, particularly in atherosclerosis(9), in 


vascular thrombosis(10), and in multiple 
sclerosis(8). 
Conclusion. Following large fat meals 


changes occur in the circulation of the cheek 
pouch of the golden hamster. These changes 
consist of an increased adhesiveness and ag- 
gregation of the red blood cells accompanied 
by a slowing and even cessation of flow of the 
blood in the exposed pouch. They appear 
after the peak of the lipemia has been passed, 
and develop to their maximum as the lipemia 
clears. After complete clearing of the lipemia 
the suspension stability of the blood returns 
toward normal, and the circulation again as- 
sumes a normal appearance. 

A 20 minute 16 mm colored cinephotomicro- 
graph with titles has been prepared showing 
the circulatory changes described in this 


paper. 
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Lipotropically active fractions from pan- 
creas have been prepared by Dragstedt e¢ al. 
(1) and by Entenman e¢ al.(2). Recently 
Bosshardt et al.(3) obtained a fraction pos- 
sessing lipotropic activity from the residue 
remaining after extraction of insulin from 
bovine pancreas. Gyorgy and coworkers(4, 
5) investigated the properties of Bosshardt’s 
preparation and concluded that the lipotropic 
activity of this fraction depended upon the 
in vivo liberation of a proteolytic enzyme. 
They established that the lipotropic activity 
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of this fraction was destroyed by boiling and 
that the fraction itself had no proteolytic ac- 
tivity in vitro, but became proteolytic after 
an inhibitor had been removed. They tenta- 
tively identified the inhibitor as pancreatic 
trypsin inhibitor, the enzyme as trypsin, and 
the lipotropic fraction as a complex between 
the enzyme and the inhibitor together with an 
excess of the free inhibitor. They further 
showed that the action of the inhibitor could 
be overcome by a substance present in duo- 
denal juice and presumed to be enterokinase. 
The latter finding led them to conclude that 
enterokinase, besides having the well known 
ability of transforming trypsinogen into tryp- 
sin, is capable of overcoming the action of 
trypsin inhibitor on trypsin. 


Since crystalline trypsin, crystalline pan- 
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creatic trypsin inhibitor, and crystalline tryp- 
sin-trypsin inhibitor complex as well as puri- 
fied enterokinase were available in this labora- 
tory, it was decided to check whether the 
postulated new action of enterokinase could be 
detected in relatively pure systems. 

Experimental. Crystalline trypsin, crystal- 
line pancreatic trypsin inhibitor, and crystal- 
line trypsin-trypsin inhibitor complex were 
prepared according to the methods of Kunitz 
and Northrop(6). Each of these substances 
was recrystallized at least 3 times. Stock 
solutions of appropriate strength were made 
using the previously established factors for the 
specific absorption at 280 my(7). Purified 
enterokinase was prepared according to Kunitz 
(8). We also had a sample of enterokinase 
prepared by Dr. Kunitz in 1940 and kindly 
supplied to us on a previous occasion. This 
sample still showed about 1/7 of its original 
activity, corresponding to 6 E.K.U. (Kunitz) 
per mg. Crystalline trypsinogen which was 
freed from the trypsin inhibitor by purification 
- with trichloroacetic acid was used as substrate 
in the determination of enterokinase activity 
(9). The proteolytic activity was determined 
by the spectrophotometric method of Kunitz 
(10) using casein as substrate. 

Both preparations of enterokinase exhibited 
a slight but detectable proteolytic activity. 
When enterokinase was treated with an excess 
of pancreatic inhibitor, 60% of this activity 
could be inhibited, suggesting that the prep- 
aration of enterokinase was slightly contam- 
inated with trypsin. No definite conclusion 
could be drawn concerning the residual pro- 
teolytic activity of the enterokinase prepara- 
tion. All further experiments were therefore 
corrected for the blanks containing entero- 
kinase and casein. With the levels of entero- 
kinase used, the values of these blanks were 
often identical with, and seldom significantly 
higher than the values for blanks containing 
casein only (Table IT). 

The hypothesis of Haanes and Gyorgy(5) 
that enterokinase overcomes the action of 
trypsin inhibitor could be visualized in one of 
two ways. Either enterokinase binds the in- 
hibitor, and if so, it must bind it more strongly 
than trypsin does, or it must partially digest 
the inhibitor (free or bound). In order to 
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check the first alternative, 2 sets of determina- 
tions were performed. First trypsin-trypsin in- 
hibitor complex was exposed to various con- 
centrations of enterokinase at room tempera- 
ture for a period of 6 hours. All tubes con- 
tained 30 y/ml of trypsin-trypsin inhibitor 
complex. The amounts of enterokinase in dif- 
ferent tubes varied as follows: 0, 10, 20, 50, 
100, and 250 y/ml. One series of tubes con- 
tained 0.1 M phosphate buffer, pH 7, and the 
second series contained 0.1 M acetate buffer, 
pH 3. The dissociation of the complex at pH 7 
was O and at pH 3 was 38% + 3% at all 
levels of enterokinase used. The second set of 
experiments is illustrated in Fig. 1. Addition 
of enterokinase slightly slowed down the for- 
mation of the complex at pH 7 and slightly 
accelerated the dissociation of the complex at 
pH 3. The observed differences are on the 
border line of the accuracy of the method. 
The results of these 2 sets of experiments rule 
out the possibility of preferential binding of 
the trypsin inhibitor by enterokinase. 
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FIG. 1. Effect of time on formation and dissocia- 
tion of trypsin-trypsin inhibitor complex. Upper 
abscissa scale in min. refers to tubes 1 and 
2. Tube 1 (open circle) contained trypsin 50 
y/ml, inhibitor 25 y/ml, 1.0 E.K.U./ml of entero- 
kinase, 0.1 M phosphate buffer, pH 7. Tube 2 
(solid circle) identical, but no enterokinase. Lower 
abscissa scale in hr refers to tubes 3 and 4. Tube 3 
(circle, solid top) contained 30 y/ml of trypsin- 
trypsin inhibitor complex, 0.6 E.K.U./iml of entero- 
kinase, 0.1 M acetate buffer, pH 3.0. Tube 4 
(circle, solid bottom) identical, but no entero- 
kinase. 
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FIG. 2. Recovery of inhibitor. Tube 1 (solid 


circle) contained 2 y/ml of inhibitor, 20 y/ml (0.8 
E.K.U./ml) of enterokinase. Tube 2 (open circle) 
contained 50 y/ml of trypsinogen, 2 y/ml of in- 
hibitor. Tube 3 (circle, solid top) contained only 
2 4/ml of inhibitor, 0.1 M phosphate buffer, pH 7, 
in all tubes. All tubes were allowed to stand 6 hr 
at room temperature. Aliquots were then assayed 
against 25 X 10-°[T.U.]°** of trypsin. 


In order to check whether enterokinase in- 
activated the trypsin inhibitor the experiment 
illustrated in Fig. 2 was performed. Compari- 
son of values obtained with the samples from 
tubes 1 and 3 indicate that the inhibitor was 
quantitatively recovered after 6 hours ex- 
posure to the action of enterokinase. A small 
amount of binding was detected in tube 2, 
containing trypsin inhibitor and trypsinogen 
and was due to the partial transformation of 
trypsinogen into trypsin. Similar experiments 
in which the mixture of enterokinase and in- 
hibitor were exposed to pH 4.5, 6.0, and 8.0 
also showed a complete recovery of the in- 
hibitor. The possibility of the inhibitor being 
digested by enterokinase was therefore ex- 
cluded. 

The results of these experiments also con- 
firm our previous findings that when sufficient 
time is allowed, the presence of enterokinase 
does not interfere with a quantitative forma- 
tion of trypsin-trypsin inhibitor complex. The 
above results contradict this part of the 
hypothesis of Haanes and Gyorgy(5) which 
postulates that enterokinase overcomes the 
action of the inhibitor on trypsin. 


ACTION OF ENTEROKINASE 


Haanes and Gyorgy(5) identified trypsin- 
trypsin inhibitor complex and free pancreatic 
trypsin inhibitor as components of the lipo- 
tropic fraction isolated by Bosshardt et al.(3). 
It then occurred to us that one of the plausible 
explanations of the results of Haanes and 
Gyorgy would be to assume that in addition 
to the above components trypsinogen was also 
present. Haanes and Gyorgy split the lipo- 
tropic fraction with trichloroacetic acid. They 
redissolved the precipitate, dialyzed it, and 
assayed it for proteolytic activity by the 
methionine method, requiring 24 hours incu- 
bation. They found that the precipitate was 
proteolytically active, and that addition of 
enterokinase did not increase this activity. 


An artificial mixture containing trypsinogen 
(1 mg), trypsin-trypsin inhibitor complex 
(4 mg), and free pancreatic trypsin inhibitor 
(0.5 mg) was treated with trichloroacetic 
acid. The precipitate was redissolved. A 
solution of enterokinase was added to one 
portion, while the other contained no entero- 
kinase but an equivalent amount of water. 
Aliquots were withdrawn at different time in- 
tervals. The results indicate (Table I) that 
the action of enterokinase can be detected only 
during the early periods of exposure, using the 
relatively rapid method of Kunitz(10). The 
activation of trypsinogen in the absence of 


TABLE I. Effect of Enterokinase on Proteolytic 
Activity of a Mixture of Trypsinogen and Trypsin. 


‘a Bago aa 
Time 1 2 4 

0 min .208 10 .286 .283 

30 .243 224 epye 291 

60 252 .340 .300: 

90 .256 ook 303 
150 231 

180 252 .350 poles 
5 hr 6244 

6 .258 .253 347 320 

20 .044 -O41 .302 .340 

24 .006 -002 304 2349: 


Tube 1 contained trichloroacetic acid precipitate 
dissolved in enough 0.1 M phosphate buffer, pH 7, 
to produce a solution having an optical density of 
0.350 at 280 my, 0.5 E.K.U./ml, room temperature ; 
tube 2 same as tube 1 but without enterokinase. 
Tube 3 contained trichloroacetic acid precipitate 
dissolved in enough 0.1 M acetate buffer, pH 5.6, 
to produce a solution having an optical density of 
0.350 at 280 my, 0.5 E.K.U./ml, 5°C; tube 4 same 
as tube 3 but without enterokinase. All figures are 
corrected for the blanks. 


ACTION OF ENTEROKINASE 


TABLE II. Conversion of Trypsinogen into Tryp- 
sin in the Presence of Trypsin Inhibitor. 


5 Eogo 
Tube 0 1 hr 2 hr 4hr 
iL .065 L057 .063 .055 
2 .065 .063 .064 063 
3 .092 .270 .390 460 
Casein .064 .060 .062 061 
control 


Tube 1 contained trypsinogen 50 y/ml and in- 
hibitor 2 y/ml. Tube 2 contained inhibitor 2 y/ml 
and enterokinase 20 ~/ml. Tube 3 contained tryp- 
sinogen 25 y/ml, inhibitor 2 y/ml and enterokinase 
10 y/ml. 0.1 M phosphate buffer in all tubes. 1 ml 
aliquots were withdrawn at indicated times. 


enterokinase was accomplished by trypsin, 
when sufficient time was allowed. Long ex- 
posures to pH 7 resulted in inactivation of 
trypsin independently .of the presence of en- 
terokinase. 

Haanes and Gyorgy(5) recombined the tri- 
chloroacetic acid precipitate with the tri- 
chloroacetic acid soluble fraction and found no 
proteolytic activity. Addition of enterokinase 
brought about a demonstrable proteolytic ac- 
tivity and led the authors to conclude that en- 
terokinase overcomes the action of inhibitor. 
The experiment shown in Table II indicates 
that trypsinogen could be activated even in 
presence of a considerable amount of inhibitor. 
The activation time is, of course, somewhat 
increased, which is in agreement with the pre- 
vious findings of Kunitz(11). 

The definite proof that the lipotropic frac- 
tion contained trypsinogen could be obtained 
only by direct analysis of the lipotropic frac- 
tion for trypsinogen under rigorous conditions. 
Unfortunately, the lipotropic fraction was not 
available to us. The suggested explanation 
remains therefore tentative. The experiments 
described in the present paper were made with 
artificial mixtures of crystalline compounds 
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and they do not rule out a possibility that 
Haanes and Gyorgy’s preparation(5) con- 
tained some additional factor(s) responsible 
for the dissociation of the complex. 


Summary. 1. Using highly purified sys- 
tems, no evidence was found that enterokinase 
overcomes the action of pancreatic trypsin in- 
hibitor on trypsin. On the contrary, the in- 
hibitor, after being exposed to the action of 
enterokinase, was quantitatively recovered, 
indicating that enterokinase neither formed a 
strong complex with the inhibitor, nor digested 
it. 2. It is tentatively suggested that the re- 
sults which led to the postulation of the new 
activity of enterokinase could be explained by 
the assumption that the lipotropic fraction 
contained trypsinogen in addition to trypsin- 
trypsin inhibitor complex and free inhibitor. 
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Factors Underlying Bacterial Enzyme Synthesis.” 


(20125) 


D. J. KUSHNER AND J. H. QUASTEL. 
From the Research Institute, Montreal General Hospital, Montreal. 


Although it has long been known that 
E. coli utilizes ammonia for growth, and, 
therefore, synthesizes its protein require- 
ments from this substance, the adaptive for- 
mation of formic hydrogenlyase in this or- 
ganism seems only to take place in the pres- 
ence of certain amino acids. Billen and 
Lichstein(1) have shown that the formation of 
this enzyme in growing cells is stimulated by 
several amino acids, the most important of 
these being L-glutamate and DL-methionine. 
Formation of the enzyme also takes place if 
resting cells are incubated in the presence of 
glucose and L-glutamate for 6 hours. Pinsky 
and Stokes(2) have pointed out that both a 
source of energy and certain amino acids are 
required for the development of the enzyme in 
resting cells of #. coli. They find ‘that 
L-arginine, L-aspartic acid and L-glutamic 
acid are extremely important for synthesis, 
that L-cystine, glycine, DL-serine, and DL- 
threonine have stimulatory effects, whilst 
other amino acids including L-cysteine, L- 
leucine, and DL-methionine are inhibitory. 

In this paper, studies are reported of the 
means by which energy for formic hydro- 
genlyase synthesis may be obtained and of 
the nitrogen sources used in formic hydro- 
genlyase synthesis by 2 strains of E. coli. 


Methods. The strains of E. coli used in the 
present investigations were isolated from feces 
(Strain 1), and from pus (Strain 2). Both 
were maintained on nutrient agar at 37°C. 
Twelve to 18 hours cultures were used, sub- 
stantially the same results being obtained 
with these as with younger (5 to 8 hour) cul- 
tures. The bacteria were scraped off the agar 
surface, washed 3 times in distilled water, and 
a bacterial suspension was made up to contain 


* We are greatly indebted to the National Research 
Council, and to the National Cancer Institute of 
Canada for grants-in-aid. We are grateful to the 
Department of Bacteriology and Immunology of 
McGill University for the supply of the strains of 
£. coli used in this work. 


3 mg (dry weight) per ml. The Warburg 
manometric apparatus was used for determina- 
tion of enzymic activity. Each manometric 
vessel contained 0.5 ml of 0.2 M sodium 
phosphate buffer (pH 7.4, unless otherwise 
stated), 0.2 ml of M sodium formate or M 
glycerol, or 0.5 M glucose in a final volume of 
3.0 ml and other substances as specified. 0.5 
ml of the bacterial suspension was placed in 
the side arm, and filter paper, moistened with 
KOH, was inserted in the center well to ab- 
sorb liberated carbon dioxide. After gassing 
for 15 minutes with nitrogen, and equilibra- 
tion, the bacterial suspension was tipped into 
the main vessel. All experiments were carried 
out at 37°C. After the addition of the bac- 
teria to the solutions in the main vessel, an 
interval of time always elapsed before the first 
appearance of hydrogen (indicating the pres- 
ence of formic hydrogenlyase) was observed, 
and a further period of time was required be- 
fore a constant rate of hydrogen evolution was 
reached. These initial periods are termed 
Lag T, and Lag Ts, respectively, and the 
final enzyme activity is expressed as Quo, this 
being the volume of hydrogen (cmm) evolved 
per mg dry weight bacteria per hour. For the 
experiments on preadapted cells, organisms 
were used which had been grown overnight in 
a broth containing yeast extract, peptone and 
glucose, and which, therefore, possessed formic 
hydrogenlyase activity. 


Results. Energy requirements for formic 
hydrogenlyase synthesis. Stephenson and 
Stickland(3) observed that formic hydrogen- 
lyase synthesis takes place in the presence of 
formate and a nutrient tryptic broth. Pinsky 
and Stokes subsequently(2) found that such 
synthesis does not occur in the presence of 
formate and a casein hydrolysate unless glu- 
cose is also added. We have found that when 
adaptation is allowed to take place in the 
presence of sodium formate, and of bacto- 
peptone as a source of nitrogen, a marked 
stimulation of the final rate of hydrogen evo- 


BACTERIAL ENZYME SYNTHESIS 


TABLE.I. Effects of Sodium Salts of DL-Aspar- 

tate, Fumarate, and Nitrate on Hydrogen Pro- 

duction by #. coli from Formate (0.067M) or 
Glycerol (0.067M) in Presence of Peptone. 


Strain Lag, min. 
of ————~ Minal 
E. coli System* Ty T, QH, 
1 °F41%p 60 80 50 
F+1%p+.1M 26 oA Os pale 
DL-aspartate 
F+1%p+.i1Mf 7100 198 
1 F+1%p 4 80 70 
Be ael VoD Os altet BESO 568 
1 F+1%p 100 100 19 
F+1%p+ 01 Mn SOM Oe aL 
2 F + 1.67% p x 90 221 
F+ 1.67% p+ 01 Muf i [0 = 328 
F+167%p-+ 01 Mn 40 307 
1 G+1%p >180 — 0 
GHE Ip b wL Met 160.170 | 52 
al 1% p >180 — 0 
1%p+ 01 Mt Sut, — 0 
1”@p+01Mn Se — 0 


7 = tormate; G— glycerol; p= peptone; f= 
fumarate; n = nitrate. 


TABLE II. Effects of Sodium Fumarate, Sodium 
Nitrate, Ammonium Chloride and Amino Acids on 
the Formic Hydrogenlyase Activity of Adapted 


Cells. 

Formic hydrogenlyase 

activity, % of control 

Addition Strain 1 Strain 2 
Nil 100 100 
D1-Serine 107 105 
L-Histidine 98 100 
L-Arginine 103 102 
L-Leucine 103 104 
DL-Aspartate 93 ~ 86 
L-Lysine — 103 
DL-Valne — 104 
20 amino acids 102 103 
01 M Sodium fumarate 66 43 
.01 M Sodium nitrate 58 41 
1 M@ Ammonium chloride 106 100 


Amino acid concentrations are as shown in 
legend to Fig. 1. Enzymatic activity was estimated 
by measurement of the evolution of hydrogen from 
formate during a 20 min. period. The data in this 
table summarize the results of several experiments. 


lution is brought about by the addition to the 
mixture of either DL-aspartate, fumarate or 
nitrate. The addition of succinate produces 
no effect. These effects are observed, with 
minor quantitative differences, with both the 
strains of E. coli that we have employed. 
Typical results are shown in Table I. None 
of these compounds stimulates the evolution 
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of hydrogen by pre-adapted cells (Table II). 
Indeed, the presence of fumarate or nitrate 
diminishes the rate of evolution of hydrogen 
by these cells, probably because of their abili- 
ties to act as hydrogen acceptors. The ob- 
served stimulation on the enzymic activity 
of unadapted cells must presumably be due to 
an accelerative effect on the process of en- 
zyme synthesis. It is known that formic 
hydrogenlyase formation in &. coli is not de- 
pendent upon cell proliferation(2,3), and 
turbidity measurements in some of our ex- 
periments have confirmed this fact. It was 
found also that the addition of nitrate to a 
formate-peptone medium produced a maxi- 
mum effect on adaptation with less than 5% 
increase in turbidity. The work of Quastel 
et al.(4,5), has shown that the presence of 
L-aspartate, fumarate or nitrate will enable 
cells of E. coli to proliferate in the absence of 
oxygen. Our present results show that these 
substances will also serve as energy sources for 
enzyme synthesis in the absence of cell 
growth. The energy required for the increased 
rate of synthesis is derived from an anaerobic 
oxidation accomplished by fumarate or by the 
other hydrogen acceptors tested. It is of in- 
terest in this connection to recall the observa- 
tion of Quastel and Wooldridge(6) that an- 
aerobic growth of E. coli is far greater in a 
formate-fumarate medium than in a fumarate 
medium devoid of formate; the explanation 
advanced to account for this phenomenon was 
that extra energy became available through 
the oxidation of formate by fumarate. The 
effect of fumarate in enhancing the rate of 
synthesis of formic hydrogenlyase is also seen 
clearly when glycerol is present as hydrogen 
donor. Whilst a mixture of glycerol and pep- 
tone or a mixture of fumarate and peptone is 
ineffective in securing synthesis of the enzyme 
in E. coli, the addition of fumarate to a gly- 
cerol-peptone mixture brings about the syn- 
thesis (Table I). 

Effects of DL-aspartate, and of ammonia, on 
synthesis of formic hydrogenlyase. It is likely 
that the presence of aspartate stimulates 
adaptation, owing to its conversion to fu- 
marate in E. coli (Quastel and Woolf(7)). 
This conclusion is supported by the fact that 
the presence of ammonium ions markedly 
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TABLE III. Effect of Ammonium Chloride and 
Sodium Nitrate on Formic Hydrogenlyase Forma- 
tion in Z. coli. 


Lag, min. 
——— Final 


Strain System.* es TEs 
1 G+ 5 amt FOU, 80m 2592 
Gt+t5am+ 1M 50 80 774 
ammonium Cl 
G+5am+ 01M >125 — 0 
sodium nitrate 
2 F+1%p 40 90 97 
F+1%p+ 1M 80 §680 12 
ammonium Cl 
1 F+ 167% p 3 70 56 
F+167%p+0iM >120 — 0 
ammonium Cl 
F+1.67%p-+ .01 MU 30) 70me368 
sodium nitrate 
F+167%p4+ 1M SiO ope yiOies AL) 


ammonium Cl + .01 W@ 
sodium nitrate 


* G = glucose; am = amino acids; F=formate; 
Pp = peptone. 

t Dl-serine, L-histidine, L-arginine, 
and Dl-aspartate, as in Fig. 1. 


L-leucine, 


affects formic hydrogenlyase synthesis. The 
presence of 0.1 14 ammonium chloride strong- 
ly, or completely, inhibits formic hydrogen- 
lyase formation in the presence of a mixture 
of formate and peptone but has no inhibitory 
effect in the presence of a mixture of glucose 
and amino acids (Table III). It is suggested 
that in a formate-peptone mixture, energy is 
supplied for adaptation by the transfer of 
hydrogen from a donor (formate or an amino 
acid) to fumarate, which arises by the action 
of aspartase from aspartate present in the 
peptone. The presence of ammonium ions 
shifts the equilibrium, L-aspartate — fuma- 
rate + NHs, to the left, removing the fuma- 
rate and, therefore, inhibiting adaptation. In 
the presence of glucose, the energy liberated 
by glycolysis is available for adaptation, and 
the phenomenon may take place even in the 
presence of excess ammonium ions. Doubtless 
L-aspartate plays a role as hydrogen acceptor, 
after conversion to fumarate, even in the 
presence of glucose, and thus affects the rate 
of synthesis of the enzyme. 


We have found that aspartate may be re- 
placed by fumarate but not by succinate for 
formic hydrogenlyase synthesis. The pos- 
sibility that the presence of L-aspartate may 


exert specific effects is not, of course, ex- 
cluded by these results. 

Effect of nitrate on formic hydrogenlyase 
synthesis. It is already known(2,8) that the 
presence of nitrate may inhibit formic hydro- 
genlyase synthesis, and we have found that 
nitrate inhibits adaptation in the presence of 
glucose and an amino acid mixture (Table 
III). Its inhibitory effects may be attributed 
partly to the formation of nitrite, which also 
inhibits adaptation(2). On the other hand, 
as already stated, the presence of nitrate stim- 
ulates synthesis of the enzyme in a formate- 
peptone medium. Probably the energy re- 
leased by the oxidation of formate by nitrate 
leads to a stimulation, which more than com- 


pensates for the inhibitory effect of nitrate. — 


If opposed effects of this description are in- 
volved when nitrate is present, the magnitude 
of each effect may vary from strain to strain, 
and this may explain why, in both the strains 
of E. coli with which we have worked, nitrate 
stimulates adaptation in the presence of excess 
formate, while in the experiments of Pinsky 
and Stokes, only inhibitory effects of nitrate 
are found, even in the presence of excess 
formate. It is of some importance that the 
inhibitory effects of ammonium ions on formic 
hydrogenlyase synthesis may be counteracted 
by the presence of nitrate (Table III), a fact 
to be anticipated if nitrate oxidation of for- 
mate, or of other substances takes place. 
Amino acid requirements for formic hydro- 
genlyase synthesis. In the presence of glucose 
and a mixture of the amino acids found in 
casein hydrolysate, both Strain 1 and Strain 
2 show almost identical lag periods and final 
rates of hydrogen evolution. A marked dif- 
ference, however, is observed between the 2 
strains, in their specific amino acid require- 
ments for formic hydrogenlyase synthesis. The 
effect on formic hydrogenlyase synthesis of 
omitting each amino acid from a mixture of 
the amino acids of a casein hydrolysate has 
been investigated with the following results. 
The amino acids, whose omission brings about 
a significant increase in the lag period and a 
decrease in final enzymatic activity are, for 
Strain 1, DL-serine, L-histidine, L-leucine, 
and DL-aspartate; and for Strain 2, DL- 
serine, L-histidine, L-arginine, L-leucine, DL- 
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92? AMINO ACIDS 
°4 AMINO ACIDS 


STRAIN | STRAIN 2 


020 AMINO ACIDS 


e 7 AMINO ACIDS 


Hp EVOLVED 


Ze pe 
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SE ee f- LEUCINE 
bat ee a we ge gait PARTATE 


pi. 


970 “HISTIDINE 
e—SERINE | 


fo) 
MINUTES 


Pic. 1. Effects of amino acids on formic hydrogenlyase synthesis. Glucuse (0.033M) present 
in all vessels. Amino acids present in same amount per vessel as in 1 ml of a 5% casein 
hydrolysate (according to data of Williiamson(9)), with addition of 0.75 mg/vessel of DL- 
norleucine. Where only DL form of the amino acid was available, amino acid was added which 
gave the appropriate concentration of the L-form. Composition of 4-amino acid mixture in each 
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vessel (for (Strain 1) was as follows: 


vessel (for Strain 2) was as follows: 
mg/ml; 
aspartate, L-lysine, and DL-valine. It is found 
that for each strain a mixture of amino acids, 
as specified above, can almost replace a mix- 
ture of all the amino acids in a casein hydroly- 
sate as a means of promoting adaptation. Re- 
sults illustrating this fact and the effect of 
omission of each amino acid from the sim- 
plified mixtures are shown in Fig. 1. 
DL-serine, L-leucine, and DL-aspartate are 
of considerable importance for the enzyme 
synthesis in both strains. The presence of 
L-histidine greatly aids the production of the 
enzyme in Strain 1, but apparently has little 
effect in Strain 2. L-arginine is of importance 
for Strain 2, but has no effect on enzyme pro- 
duction in Strain 1. As the results reported 
in Table II show, none of these amino acids, 
ner a mixture of 20 present in a casein hydro- 
lysate, has any effect on the formic hydrogen- 
lyase activity of adapted cells. These findings 
on amino acid requirements agree with those 
reported by Pinsky and Stokes(2) in showing 
the importance of DL-serine and L-aspartic 
acid, and, in one strain, of L-arginine, for for- 
mic hydrogenlyase formation. With both our 
strains of E. coli L-glutamate alone can serve 
as a nitrogen source for formic hydrogenlyase 


DL-serine, 1.67 mg/ml; 
aspartic acid, 1.4 mg/ml; L-leucine, 2.4 mg/ml. 


L-histidine, 0.33 mg/ml; DL- 
Composition of 7-amino acid mixture in each 


amino acids as above together with L-arginine, 0.65 
L-lysine, 1.0 mg/ml; 


DL-valine, 1.77 mg/ml. 


synthesis in the presence of glucose. It seems 
to be dispensable, however, in the presence of 
a mixture of amino acids and glucose. When 
L-glutamate alone is present in a glucose 
medium, the lag period before the appearance 
of enzymatic activity is almost twice as long 
as when an amino acid mixture is used, and 
the final activity is much lower. 

It is possible that variations in amino acid 
requirements for formic hydrogenlyase forma- 
tion, between the different strains of E. coli, 
may be due to differences between the rates of 
amino acid interconversion in these strains. 

Summary. 1. A marked stimulation of the 
synthesis of formic hydrogenlyase by E. coli 
in the presence of sodium formate and peptone 
is brought about by addition of either DL- 
aspartate, fumarate, or nitrate under condi- 
tions when little or no proliferation takes. 
place. Addition of succinate produces no 
effect. None of these compounds stimulates. 
activity of the enzyme in pre-adapted cells. 
Whilst a mixture of glycerol and peptone, or a 
mixture of fumarate and peptone does not 
secure enzyme synthesis, a mixture of glycerol, 
fumarate and peptone is effective. The 
energy for synthesis in resting cells may thus 
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be obtained by the interaction of suitable 
hydrogen donors and hydrogen acceptors. 
Aspartate is effective presumably because it is 
converted by aspartase into fumarate. This 
conclusion is supported by the fact that the 
presence of ammonium jons inhibits adapta- 
tion in a formate-peptone medium, but not in 
a glucose-amino acid medium where energy is 
secured by glucose breakdown. 2. Certain 
amino acids are required for the enzyme syn- 
thesis. The most effective are leucine, aspar- 
tate, histidine, and serine. Requirements for 
specific amino acids appear to vary with the 
strain of the organism. 
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From the University of Colorado School of Medicine, Departnrent of Pediatrics, Denver, Colo. 


A recent investigation by Morton e¢ al.(1) 
showed that the non-ionic detergent Tween 80 
in a concentration of 0.5 mg/ml of medium 
inhibited the growth of fibroblasts in tissue 
cultures while in adult rats Tween 80 re- 
quired a concentration of 5-10 g/kg of body 
weight(2) to be toxic. The higher toxicity 
of the detergent in tissue cultures raised the 
question as to whether rapidly growing and 
less differentiated cells are more sensitive to 
the detergent than the non-proliferating ma- 
ture cells. A possibility of comparing the 
sensitivity to non-ionic detergents of cells in 
different degrees of proliferative activity and 
differentiation seemed to be present in the 
developing chick embryo. Whether non-ionic 
detergents had a teratogenic effect owing to 
their surface activity was also of interest be- 
cause of the great importance of the inter- 
action of cell surfaces during early embryonic 
development(3). _ Also, substantial amounts 
of non-ionic detergents such as Tween 80 are 
contained in various vitamin preparations 
which are given to premature infants as well 


* This work was aided by a grant from the Asso- 
ciation for the Aid of Crippled Children. 


as to mature ones. Therefore, from a clinical 
point of view, toxicity tests on immature tissue 
had some interest. Since qualitative and 
quantitative differences exist in the action of 
different non-ionic detergents upon different 
biological systems, such as the tubercle ba- 
cillus(4) or the red blood cell(5), it seemed 
desirable to compare at least two detergents 
of this type in their effect upon the chick 
embryo. We chose Tween 80+ and Triton 
X-1001 for this comparison. 

Materials and methods. Tween 80 is de- 
scribed in the literature as polyoxethylene 
sorbitan mono-oleate and Triton X-100 as 
arylalkyl polyether of phenol. The structural 
formulae are given in the paper by Dubos 
quoted above(4). Solutions of these sub- 
stances were made up in distilled water to give 
the desired amount of material in 0.1 ml. To 
reach the highest concentrations of Tween 80 
the volume was increased to 0.5 ml. The con- 
trol eggs were injected with 0.6% NaCl solu- 
tion. All solutions were sterilized by auto- 


t We are indebted to Atlas Powder Co. for the 
samples of Tween 80 and to Rohm and Haas for 
the samples of Triton X-100. 


DETERGENT EFFECTS ON CHICK EmBryos 


393 


TABLE I. Toxicity of Triton X-100 for Chick Embryos at Different Stages of Development. * 
_——————— ere ee eee eee 


Age ——Ant of Triton inj.—, Total % 
(days incubation) meg/ege mg/g tissue eggs inj. surviving 
f 0 0 213 67 
Before incubation el 005 87 30 
(inj. into yolk) L 20 012 194 42 
0 0 114 82 
7-8 days 4 12 048 54 80 
(inj. onto membrane) 20 1 59 53 
{ 5 2 54 17 
if 0 0 LV 95 
25 018 20 95 
15-16 days 1.0 071 54 22, 
(inj. onto membrane) 3.0 Zit 23 61 
| 4.0 29 45 55 
| 10.0 ip 24 0 


claving. In most instances the solutions were 
injected onto the chorioallantoic membrane 
through a small drill hole in the eggshell which 
was subsequently sealed with Scotch tape. 
One series of experiments is listed in which the 
solution was injected into the yolk. The eggs 
were opened 3 days after injection onto the 
chorioallantoic membrane and 8 days after in- 
jection into the yolk. The embryos were in- 
spected for the more obvious malformations of 
the head and skeleton. In view of the uncer- 
tainty of the distribution of the injected sub- 
stances between yolk and embryonic tissue, 
our data are calculated as per whole egg or 
per gram of tissue of embryo plus membranes. 
Depending upon the calculation, the absolute 
values for the observed toxicities will differ. 
For an evaluation of the relative toxicities of 
the detergents which was the primary aim of 
the present experiments, the different calcula- 
tions gave essentially the same results. 
Results. Triton X-100. A dose of 0.1 
mg/ege of Triton X-100 injected into the 
yolk previous to incubation was toxic. 679% 
of the controls survived, while only 30% and 
42% of the experimental embryos survived the 
same period after injection of 0.1 and 0.25 
mg of the detergent, respectively. The tox- 
icity increased slowly with the dosage and an 
injection of 2.5 mg of Triton per egg reduced 
the number of survivors to 18%. Assuming 
an equal distribution of the injected compound 
between yolk and embryo the minimum toxic 
amount of 0.1 mg/egg would correspond to a 
concentration of about 0.005 mg/g of embryo 
based on the weight for the yolk plus the 


embryo of about 20 g on the eighth day of 
incubation. 

In experiments in which Triton was in- 
jected onto the chorioallantoic membrane, we 
assume that most of the substance is taken up 
by the embryonic circulation. Therefore, cal- 
culations are based on the total weight of the 
embryo plus membranes. On the 7th-8th day 
of incubation 0.05 mg/g Triton had no toxic 
effect, 0.1 mg/g had a slight effect, and 0.2 
mg/g reduced the number of survivors from 
82% in the controls to 17% in the experi- 
mental embryos. On the 15th-16th day of in- 
cubation a concentration of .07 mg/g of em- 
bryo had no toxic effect, 0.2-0.3 mg/g embryo 
decreased the number of survivors from 95% 
to 61 and 55%, respectively, and 0.71 mg/g 
killed all 25 embryos injected (Table I). In 
an experiment with 24 chickens freshly 
hatched to one-day-old and intraperitoneal 
injection of 0.5 mg/g of chick killed about 
one-half of the chickens within 2 hours. 

Tween 80. Ina large series of experiments 
it was attempted to demonstrate toxic effects 
of Tween 80 on the developing embryo after 
injection into the yolk prior to incubation 
similar to the experiments with Triton X-100. 
However, with this technic no toxic effects. 
could be obtained with any consistency even 
after injection of very large amounts (20 
mg/egg). The inadequacy of this procedure 
could be demonstrated in experiments with 
embryos after 4 days of incubation. Table II 
shows that after injection into the yolk of 
10 mg of Tween/egg the number of survivors 
was almost as high as in the controls. After 
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TABLE II. Comparison of Toxicity of Tween 80 
after Injection into Yolk and onto Membrane. Age 
of embryos: 4 days of incubation. Amount of 


Tween 80: 10 mg/egg. 
Total %o 
eggs inj. surviving 
Saline inj. onto m* 35 ee 
Tween 80 inj. onto m 36 33 
Saline inj. into y 36 67 
Tween 80 inj. into y 36 59 


*m—membrane; y = yolk. 


TABLE III. Toxicity of Tween 80 for the Chick 
Embryo at Different Stages of Development. 


Amt Tween inj. 


Roo a ee 
Age (days mg/g Total %, sur- 
incubation) mg/egg tissue eggsinj. viving 
if 0 0 156 79 
.25 .63 26 85 
4 4 1.0 2.5 67 19 
3.0 7.5 32 0 
10.0 25.0 85 22 
if 0 0 374 68 
7 { 2.5 1.0 152 53 
| 5.0 2.0 46 54 
ie Oo 4.0 103 IN 
if 0 0 136 98 
| 10.0 “ii 24 96 
15-16 40.0 He) 24 92 
100.0 (le 32 94 
{| 200.0 14.3 49 39 


injection of the same amount of Tween 80 
onto the membranes, the number of surviving 
embryos was decreased to 33%. The negative 
results after injection of Tween 80 into the 
yolk could be due to hydrolysis of the deter- 
gent by a lipase which is known to be present 
in the yolk. The smallest dose of Tween 80 
which caused a decrease in the number of 
surviving embryos when injected onto the 
chorioallantoic membrane at 4 days of incu- 
bation was found to be 2 mg/g of tissue. At 
that early stage the membranes weigh about 
300-400 mg and the weight of the embryo is 
reported to be 50 mg.+ At 7-8 days of incu- 
bation toxicity is still observed with 1.5-2.5 
mg while at 15-16 days of incubation about 
15 mg/g of embryonic tissue are required to 
produce even a slight toxic effect (Table III). 


Discussion. Our figures give a toxicity of 
Triton X-100 abotit 20 times greater than 


¢ This figure is taken. from R. Rugh, Exp. Embry- 
ology, 1948, p.450. _ ‘ 


that of Tween 80. The surface activities of 
the 2 compounds are: 30 dynes per cm for 
Triton X-100 and 41 dynes per cm for Tween 
80 at a concentration of 0.1%. Triton ex- 
hibiting a lower surface tension than Tween 
80, also exhibits a greater toxicity. However, 
it is unlikely that this difference in toxicity 
is simply a function of the surface activity of 
these substances. Sodium oleate, which has a 
higher surface activity than Triton, is defi- 
nitely less toxic for the 7-day-old chick 
embryo. 

In the introduction we raised the question 
of a dependence of the toxicity upon the age 
of the embryo. The fact that higher concen- 
trations of Tween &0 and Triton X-100 are 
required by the 16th day of development is of 
interest in this connection since by this time 
a far-reaching maturation of many tissues has 
taken place. This may mean that the more 
mature tissue is less sensitive to the detergent. 
At the same time it has to be kept in mind 
that in the course of this maturation detoxi- 
fication mechanisms may at least in part be- 
come responsible for the apparently decreased 
toxicity. However, our results may be sug- 
gestive enough to make it seem advisable to 
test other compounds of the same class of sub- 
stances in order to find out whether some of 
them will display larger differences in their 
toxicity for immature and mature tissues. 

In the course of experiments no occurrence 
of developmental abnormalities was observed 
and no clue has been found as to the mech- 
anism of the toxic action of the detergents. 

Concerning the question of a possible tox- 


icity of non-ionic detergents for premature 


infants one has to consider that in these babies 
even the maximum figure for the dietary in- 
take is at most one-tenth of the dose found 
lethal in chick embryos. Studies carried out 
by the producers of Tween 80 indicate very 
good tolerance of Tween 80 in men. Hospital 
records of premature babies with and without 
Tween 80 supplement in the diet have not 
revealed obvious indications of ill effects. 
However, as long as a systematic survey is 
missing in regard to premature tolerance of 
Tween 80, observations of a toxicity for em- 
bryonic tissues, even in an unrelated species, 
may make it advisable to follow critically the 
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history of premature infants with large Tween 
80 supplements in the diet. 

Summary. Two non-ionic detergents, Tween 
80 and Triton X-100, have been compared 
with respect to their toxicity to chick em- 
bryos. Tween 80 was found to be 20 times 
less toxic than Triton X-100. The possibility 
is considered that with the increasing age of 
the embryos there is a decrease in the toxicity 
of both detergents. 


The authors are indebted to Dr. John C. Krantz, 
Jr., University of Maryland, Baltimore, for his 
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critical and constructive comments concerning the 
manuscript and the reported experiments, 
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Effect of Repeated Doses of External and Internal Irradiation on 


Structure of the Spleen.* 


(20127) 


Horace Go.piE, GADSON J. TARLETON, JR., BARBARA R. JEFFRIES, AND PAUL F. Haun, 


From the Cancer Research Laboratories and Department of Radiology, Meharry Medical College, 
Nashville, Tenn. 


It has been pointed out(1) that the spleen 
is particularly adapted to a study of suscepti- 
bility of various cells to irradiation. This 
statement can be further extended by indicat- 
ing that pathological findings in the irradiated 
spleen are suitable to illustrate the fate not 
only of cellular elements, but also of the struc- 
ture of a parenchymatous organ, containing 
numerous free cells of various kinds in a 
framework of connective tissue, as a whole. 
For this purpose, a larger amplitude of 
changes could be produced by using for in- 
ternal irradiation colloidal radioactive gold 
Au?®8t which is short living (half life of 2.7 
days), beta emitter and which can be de- 
posited, owing to its colloidal structure(2) 
into the spleen, in graded amounts. This 
method, alone or in combination with exter- 
nal irradiation, enabled us to obtain in ex- 
perimental animals a larger variety of changes 
in the spleen structure than those elicited by 


* This work was carried out under Contract with 
the Division of Biology and Medicine, U. S. Atomic 
Energy Commission and with the help of the grant 
by A.M.A. 

t Radioactive Au?98 was obtained through Dr. 
D. L. Tabern, Abbott Research Laboratories, North 
Chicago, Il. 


external irradiation alone(3) as is shown by 
the data presented below. 

Material and methods. (a) Animals. Mice 
of C3H strain,+ of 24 to 27 g weight, mostly 
males, were used throughout in these experi- 
ments. For internal irradiation they received 
injections of a radioisotope intraperitoneally, 
intrapleurally (the technic of this injection 
was described elsewhere (4) ), intravenously or 
subcutaneously. For external irradiation, 
groups of not more than 12 mice were immo- 
bilized in horizontal position between 2 card- 
board sheets inside a small box adjustable to 
irradiating appliance. (b) Internal irradia- 
tion. Colloidal Au1®*t was injected in a vol- 
ume of 0.5 cc containing 0.01 to 0.03 millicurie 
(small doses) or 2 millicuries (large dose). 
(c) External irradiation. Doses of 100 to 1200 
r of filtered rays (Filter: 1.2 mm Sn; 0.25 mm 
Cu; 10mm Al; TSD 40 cm; HVL 3.27 mm 
Cu; 250 PKV) were used. (c) Autopsies. 
Preliminary research provided information 
about time interval between exposure and 
effect, for each type and amount of irradiation, 
thus indicating the suitable interval between 
exposure and autopsy in the main experiments. 


{ The mice were obtained from Roscoe Jackson 
Memorial Laboratories, Bar Harbor, Me. 
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FIG. 1. Changes in size of the spleen of the mouse after irradiation (natural size of stained 
sections). (a) normal spleen; (b) five days after inj. of 0.01 me of radiogold colloid H + E; 
(c) same, Mallory; (d) three days after inj. of 2 me of radiogold colloid; (e) nine days after 
inj. of 0.01 me and 3 days after subsequent inj. of 2 me of radiogold, H + E; (f) three days 
after whole body exposure to 1200 r, H + E; (g) Nine days after inj. of 0.01 me of radiogold 
and 3 days after exposure to 1200 r; (h) three days after 2 exposures to 400 r at interval of 
7 days, H + E; (i) three days after 8 exposures to 100 r at intervals of 3 or 4 days; (j) three 
days after 4 exposures to 200 r at intervals of 1 day. 


The spleens were stained with hematoxylin- 
eosin or by Mallory technic. 


Results. 1. Effect of a small dose, single or 
repeated. A. Internal irradiation. Four days 
after intrapleural or intraperitoneal injection 
of 0.01 to 0.05 mc of colloidal Au!%*, the 
spleen was found 5 to 8 times larger (Fig. 1, 
b and c) as compared with an average normal 
spleen (Fig. la). Microscopic examination 
revealed high congestion of the organ with 
marked distention of connective tissue frame- 
work and of the capsule. However, lympho- 
cytopoietic centers were conspicuous among 
the pulpal elements rarified by congestion of 
the organ. The congestion disappeared as a 
rule within 7 to 14 days leaving the spleen 
slightly enlarged and impregnated with de- 
posit of iron pigment. Repetition of same 
doses of radiogold at any intervals would not 
increase the size of the spleen and its con- 
gestion beyond the effect of a single dose, but 
it would decrease the number of lymphocytic 
elements. B. External irradiation. Doses of 
50 to 250 r did not induce any noticeable 
change in the size of the spleen. Slight in- 
crease (less than twice the size of an average 
spleen) was noted within 4 days after irradia- 
tion with 150 to 400 r. After repeated doses 
of 200 or 400 r sufficiently spaced the spleen 
showed enlargement by congestion (Fig. 1, 


h and j), while after frequent application of 
even smaller doses, it was shrunken (Fig. 1, i). 
These experiments with various small doses 
of x-rays variously spaced will be reported 
separately (5). 


Il. Effect of a high irradiation dose. A. 
Internal irradiation. A dose of 2 mec of 
radiogold colloid was lethal for all mice 
within 5 days. In sacrificed moribund 
animals the spleen size was % or % of an 
average normal spleen, the shrinkage being 
most marked in both poles (Fig. 1, d). The 
tissue sections presented microscopical evi- 
dence of shrinkage—contraction of connective 
tissue framework and separation of the capsule 
from the organ surface—and of congestion. 
Both changes were diffusely marked in the red 
pulp and on the periphery of the spleen, while 
the white pulp containing lymphocytes with 
pyknotic nuclei was apparently “condensed” 
by the shrinkage of the whole organ. B. 
External irradiation. Exposure to 1200 r was 
followed by the death of all mice on the 4th 
day with few exceptions surviving until the 
Sth day. At autopsy, the spleen was about 
1/5 or 1/6 of the average size of the normal 
spleen. The shrinkage was manifested by 
constriction of the body of the spleen (Fig. 
1, f) and microscopically by marked outlines 
of connective tissue bundles and by separation 


- ae | 
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FIG, 2. Spleen of the mouse, 9 days after inj. of 
0.01 me and 3 days after subsequent inj. of 2 me 
of colloidal radiogold. H-+ E x 50. 


of the capsule from organ surface. The con- 
gestion was not marked and lymphocytic ele- 
ments appeared considerably reduced in num- 
ber throughout the area of the section. 

Ill. Small irradiation dose followed by a 
large dose. (A) Small dose internal irradia- 
tion followed by a large dose. This method of 
irradiation is a combination of IA and IIA, 
i.€., 1) the injection of 0.01 mc of radiogold 
_ colloid which was shown to induce spleen en- 
largement by congestion followed after 5 or 6 

days by 2) the injection of 2 mc, which alone 
caused shrinkage and partial atrophy of the 
spleen. Autopsies performed on the 4th day 
after the 2nd injection revealed the striking 
effect of this combined treatment; within 96 
hours the size of the spleen was reduced more 
than 10 times (from that shown in Fig. 1, b 
and c, to that of Fig. 1,e). Moreover, already 
the gross examination of stained spleen sec- 
tions (same figure) revealed the disappearance 
of the pulp within the shrunken framework of 
the organ. This was confirmed by microscopic 
examination (Fig. 2), which showed nearly 
complete disappearance of all cellular elements 
with the exception of fibrous tissue and of 
numerous macrophages loaded with gold par- 
ticles and iron pigment. Briefly, this phenom- 
enon can be described as complete spleen 
atrophy induced in a mouse within 8 or 9 days 
by successive injection of a small and a large 
dose of colloidal radiogold. B. Small dose of 
internal irradiation, followed by a large dose 
of external irradiation. In this experiment 
mice pretreated with a small dose (0.01 mc) of 
radiogold, as above, received on the 5th or 
6th day a large dose of external irradiation 
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(1200 r) instead of radiogold.. The autopsy 
on the 4th day after the 2nd treatment indi- 
cated that the spleen, which was highly con- 
gested after the injection of small Au‘®® dose, 
returned to approximately its normal size 
(Fig. 1, g) and did not shrink beyond it, as 
it was recorded above after reinjection of 
radiogold (2 mc) in pretreated mice. Micro- 
scopically the diffuse and extensive atrophy 
of the pulp was less advanced than in the 
above experiment (Fig. 2) and there was a 
marked thickening of fibrous tissue bundles in 
the organ framework and in its capsule. Thus, 
the pretreatment of a mouse with a small dose 
of radiogold did increase the severity of pulp . 
destruction and framework shrinkage by ex- 
ternal irradiation, but not so dramatically as 
in the above experiment. 


Several series of mice were exposed to a 
small amount of external irradiation (100 and 
250 r) and after 5 days injected with 2 mc 
radiogold or exposed to 1200 r._ In each series 
the effect of combined treatment on the spleen 
was not significantly different from the effect 
of the large dose of irradiation alone. There- 
fore, a small dose of external irradiation had 
no or only a slight preparative effect on the 
results of subsequent treatment with massive 
irradiation. 


Discussion. Experimental work in mice on 
histopathology of spleen irradiation has been 
reviewed by Dunlop(6) and by Murray(1). 
It is the consensus of opinion that after ex- 
ternal irradiation the spleen undergoes brief 
early swelling and then shrinks rapidly. The 
initial congestion was rapidly transient; for 
instance, after irradiation of the mouse with 
80 r some changes were found in the spleen 
after 4 hours, but none after 24 hours(1). 
The effect of 100 to 300 r was only slightly 
more marked. After exposure to 600 r or 
over, the organ was found shrunken(1) and 
fibrotic(6), with enormous number of macro- 
phages. 


Internal irradiation with a soluble radioiso- 
tope—Strontium*’—did not produce even in 
high doses (0.036 mc per g weight) any sig- 
nificant changes in the spleen(1). However, 
relatively small doses (0.23 to 0.26 mc) of 
a particulate radioactive material—chromic 
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phosphate with half life of 14.3 days—“re- 
duced within 15 to 23 days the spleen almost 
to a connective tissue framework and macro- 
phages” (7). This difference in the effect of 
soluble and of particulate radioisotopes de- 
pends obviously on the retention of the latter 
in the spleen. The particulate radioisotope 
used in our experiments—colloidal Au’®® with 
half life of 2.7 days—was found to be suitable 
to produce graded changes in the structure of 
the spleen. This advantage can be accounted 
by shorter half life and smaller particles of 
colloidal radiogold. 

The high congestion induced in the spleen 
by minimal doses (0.01 to 0.05 mc) of col- 
loidal Au’®> was, obviously analogous to the 
initial effect of external irradiation, but more 
marked and more lasting, owing to protracted 
action of deposited radioactive colloid on 
tissues. 

The rapid shrinkage of the spleen after in- 
jection of high doses of the same isotope was 
similar to the effect of high doses of external 
irradiation. As it would be expected, numer- 
ous radioactive particles diffusely spread 
throughout the tissue produced more severe 
and more extensive changes in the spleen 
structure than higher, but short acting doses 
of external irradiation. 

It was found unexpectedly that successive 
injections at a very short time interval, of a 
minimal dose (0.01 mc) and a 200 times larger 
dose (2.0 mc) of colloidal radiogold induced 
rapidly a complete atrophy of the spleen, leav- 
ing only the connective tissue framework and 
the pigment and gold loaded macrophages. 
Obviously, a minimal dose of radiogold in- 
capable by itself to induce significant regres- 
sive changes in the spleen had some prepara- 
tory action on the organ by rendering its tis- 
sues more susceptible to the subsequent blow 
inflicted by a high dose of radiogold. There 
is some evidence in the work of several authors 
(6) that the radiosensitivity of the spleen in- 
creases with increase of the blood supply. It 
can be presumed therefore that the preparative 
effect of the small dose of radiogold is due to 
its remarkable lasting congestive effect on the 
spleen. This interpretation will agree with our 
finding that small doses (50 to 200 r) of ex- 
ternal irradiation which induce only slight and 
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transient congestion of the spleen or none did 
not exert “preparative’’ effect on the spleen 
treated subsequently with high doses of radio- 
gold or of x-rays. It may be concluded that 
high congestion of the spleen induced by a 
small dose of colloidal radiogold constituted 
“the preparative factor” responsible for rap- 
idly progressing severe atrophy of the spleen 
after injection of a high dose of radiogold into 
the same mouse. 

It should be emphasized that both the high 
congestion and the advanced atrophy of the 
spleen were induced regularly only in one 
strain of mice—C3H and by intrapleural or 
intraperitoneal injection. It may be presumed 
that these findings can be reproduced in other 
animal species and by other routes (intraven- 
ously) by varying the dosage, the interval be- 
tween injections and perhaps some other con- 
ditions of the experiment. 


Summary and conclusions. 1. Minimal 
doses of internal irradiation (0.01 to 0.05 mc 
of colloidal radiogold) induced in C3H mice 
within 5 or 6 days a very marked congestive 
swelling of the spleen which lasted for about 
14 days. No significant effect on size of the | 
spleen could be obtained within a wide range 
(50 to 200 r) of small doses of external ir- 
radiation. 2. Large doses of radiogold (2 mc) 
as well as of external irradiation (1200 r) 
caused shrinkage and partial atrophy of the 
spleen within 3 days, the effect of the former 
being more severe. 3. Large dose of colloidal 
radiogold (2 mc) injected 5 or 6 days after 
pretreatment with a minimal dose (0.01 mc) 
of the same radioisotope induced within 3 
days more marked shrinkage and more com- 
plete atrophy of the spleen than the same dose 
of radiogold without pretreatment. Substitu- 
tion of radiogold (either of a preparative dose 
or of a large dose) by analogous doses of ex- 
ternal irradiation did not reproduce the same 
drastic changes of the spleen. 4. These find- 
ings were interpreted in the light of the exist- 
ing evidence that the radiosensitivity of the 
spleen increases with the increase of the blood 
supply. It was presumed that high congestion 
of the spleen induced by a small dose of col- 
loidal radiogold constituted “the preparative 
factor” responsible for rapidly progressive 
severe atrophy of the spleen after subsequent 
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injection of a high dose of radiogold into the 
same mouse. 
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(Introduced by S. A. Waksman.) 


From the Department of Dermatology, University of Pennsylvania School of Medicine. 


Lechevalier, Acker, Corke, Haenseler, and 
Waksman(1) have established that candicidin 
is an antifungal agent with activity against 
certain filamentous and yeast-like fungi. The 
purpose of the present communication is to 
_ define the antifungal spectrum of the water- 
soluble fraction of candicidin against patho- 
genic fungi and to estimate its protective 
effect in mice with systemic mycoses. 


Materials and methods. The antibiotic was 
dissolved in various concentrations in an agar 
medium containing 2% glucose and 1% _neo- 
peptone adjusted to pH 7. A 1:1000 volu- 
metric suspension of the various fungi were 
streaked over the agar surface. The plates 
were incubated at 37°C and at room tempera- 
ture. Estimation of growth inhibition was 
made within 2 to 3 days after growth was 
evident in the control plates. This was 2 to 
3 days after incubation for rapidly growing 
yeast-like fungi, such as Cryptococcus neofor- 
mans and Candida albicans, and 7 to 8 days 
for slower-growing fungi such as Histoplasma 
capsulatum and Coccidioides immitis. To de- 
termine fungicidal activity a suspension of 
C. albicans in brain heart infusion broth con- 
taining approximately one million cells/ml was 
prepared. The antibiotic was then added in 
concentrations of 10 and 50 pg/ml. At 2, 4, 
6, 8, and 24 hours samples of the broth were 
removed and the quantity of viable cells de- 
termined by plate counts on glucose peptone 
medium. The heart infusion broth was main- 


tained at 37°C during the test. The final con- 
centration of antibiotic in the media on which 
the colony counts were made was not suf- 
ficient to exert a fungistatic effect. 


Experimental infections. Throughout, 20 ¢ 
white, male mice were used. In some cases 
injections of the fungi were made intraperi- 
toneally and, in others, intravenously by way 
of the tail vein. The quantity of injected cells 
was appropriately regulated so as to avoid 
overwhelming infection and rapid death. The 
aim for the most part was to produce sub- 
lethal infections of sufficient severity to enable 
gross comparisons when the animals were sac- 
rificed. The candicidin was administered in- 
traperitoneally in all instances. Generally, it 
was given for 10 successive doses beginning on 
the day of infection. The animals were sacri- 
ficed on the 14th day. 

Results. In vitro antifungal activity. Pre- 
liminary studies showed that the antibiotic 
activity was considerably reduced under acid 
conditions. At pH 5 and pH 6 approximately 
100 times more antibiotic was required for in- 
hibition than at pH 7 and pH 8, in which 
range the activity was maximal. Human 
blood slightly diminished the fungistatic power 
of candicidin. The antifungal activity was 
slightly greater at room temperature than at 
37°C. Comparable results were obtained with 
broth and with agar streak methods. The an- 
tibiotic activity was maintained undiminished: 
in brain heart infusion broth incubated at 
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TABLE I. Sensitivity of Candida Species to 


Candicidin. 
Min. cone. for 
complete inhi- 
Organism Strain bition (ug/ml) 
C. albicans 12A2 5) 
3 2.5 
4 513) 
5 5 
6 BY 
C. albicans 12B1 2 
stellatoidea Z 5 
C. tropicalis 1201 5 
: 2 10 
3 2.5 
C. pseudotropicalis 12D1 2.5 
2 2.5 
C. guilliermondi 12H1 2.5 
2 5 
3 2.5 
C. krusei 12¥F1 5 
2 10 
C. parakruset 12G1 50 
2 25 
3 50 
TABLE II. Sensitivity of Pathogenic Fungi to 
Candicidin. 
Min, cone. 
for complete 
inhibition 
Organism Strain (ug/ml) 
Blastomyces dermatitidis* SA2 =) 
K if is 5A3 1 
Histoplasma capsulatum* TAG ii 
5, a = TAS ra) 
Paracoccidioides brasiliensis*  8AT7 5 
Coccidioides immitis 9A4 500 
i ee 9A5 500 
Cryptococcus neoformans '15A2 1 
€ 4 15A5 2.5 
Sporotrichum schenckir* 6A3 200 
3 A is 6A4 100 
Nocardia asteroides 19A1 200 
Geotrichum spp. 13A1 2.5 
Hormodendrum pedrosot 4Al 10 
Trichophyton mentagrophytes 2A 500 
” lonsurans 201 500 
rubrum 2B1 500 
Microsporum canis 1B1 500 
fe audouini 1A1 500 
Epidermophyton floccosum 3A2 500 
* Yeast phase. 
37°C for one week before testing. The drug 
5 S 


was thus stable for this period of time. 

The sensitivity of various species of Can- 
dida is shown in Table I. Candida albicans, 
the chief pathogen in this group, was very 
sensitive. Strain variations were evident. 
Candida ‘parakrusei, which is but rarely a 


human pathogen, was the most insensitive of 
this group. 

The activity of candicidin against the major 
pathogenic species is shown in Table II. A 
unique feature of the antifungal spectrum is 
the resistance of Coccidioides immitis and the 
ringworm fungi (species of Trichophyton, 
Microsporum, and Epidermophyton). This 
parallels the experience with actidione, an- 
other antifungal antibiotic(2). The actino- 
mycete, Nocardia asteroides, was resistant. 
Exclusive of these fungi, candicidin was mark- 
edly inhibitory for the major fungus patho- 
gens. When the same plates were examined 
2 weeks after the initial reading, there was 
usually some growth at the minimal concen- 
tration which had originally been inhibitory 
on the first reading. This suggested some de- 
gree of deterioration of the antibiotic. 

Fungicidal activity. With both 10 and 50 
pg of candicidin /ml of the brain heart infusion 
broth, the C. albicans cell count was reduced 
approximately 45% in 2 hours, 60% in 4 
hours, and 90% in 6 hours. Approximately 
i% of the cells were viable in 24 hours. The 
initial colony counts were made on the 2nd 
day after plating. On the 7th day many more 
colonies were evident in the same plates. 
Thus, many of the cells were simply inhibited 
and not killed. 

Toxicity. The LDs9 for 20 g Carworth 
Farm white, male mice ranged between 50 and 
65 mg/kilo for different lots of candicidin. 
The maximum tolerated daily intraperitoneal 
dose for a period of 14 days was 0.8 mg/mouse 
(40 mg/kilo). This figure, too, varied for 
different lots. No irritation was caused by 
0.3 ml of a 1% solution placed into the con- 
junctival sac of rabbits. The 1% solution 
was not irritating to the human oral mucosa 
when swabbed over the tongue for one minute 
every 3 hours for 2 days during the day time. 
Injection of the 1% solution intradermally 
and subcutaneously into mice and guinea pigs 
caused necrosis within 24 hours with the sub- 
sequent development of a severe slough. The 
0.1% solution was less toxic when injected 
into the skin of these animals, but moderate 
necrosis still developed. 

Protective effect in experimental infections. 
Candicidin exerted a marked suppressive effect 
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on moniliasis in mice, as shown in Table III. 
The untreated mice exhibited enlarged kidneys s 
with irregular paleness of the surface or with iS 
discrete pinpoint white surface lesions. The > Ba 
kidneys of treated mice were rendered sterile om 5 + | 2 olelislalsls 
and the kidneys grossly were normal. In an- cee Soles Sil eee eee 
other experiment not recorded in Table III, Oe B = gf 
the administration of candicidin was delayed ee 
until the 4th day after intravenous inoculation 9 e | snes oS 2 & 
in order to allow the infection to become well 5 z E a | 3 ef/Afofafta ce 
established. It was then given daily at the S's} ope 2 cea] Or 8) ton ae 
rate of 0.75 mg/ day until the 14th day, at Pee a2 
which time the sacrificed animals did not show __ a ERA 
_ gross lesions, although positive kidney cul- = 5 1S [| cl | tH feo S| = 5 

tures were obtained from 3 of 22 mice. This 7] E/Sjale/s|F)al;s}al|es 
indicated that candicidin was curative in % = 2 a S 
mouse moniliasis. Candicidin did not have so. 4 L i poe] 
striking an effect of torulosis of mice (Table Z & "So “Bp ei Fa 
III) as it did in moniliasis. Cultures of the © Eos Bes se 

: . Syke > | aS a7 
brains of treated animals were always positive. 2 2\é a s ae s a 
Definite suppression was evident, however, as a g|'So.8 Sok at 
indicated by the diminished number of or- & Ss ase Fae: 5 & 
ganisms present in India ink brain smears. -2 = oa s ee z ea 
When lethal doses of C. neoformans were Ss EGE 20 a op gs 
given intravenously, candicidin was not effec- 4 S aA Sie Ee 
tive in delaying the day of death or in alter- % ay Tihs (ee Se oe 
ing the mortality rate. Candicidin exerted a / 2 a mee 
marked protective effect on blastomycosis in & es eed 25 a8 
mice (Table IV). The untreated animals <5 S S& S65 Se 
grossly showed numerous granulomatous le- 3 2 =e =e 22 
sions in their lungs although there was no & 9 3 & * ae cee 
evidence of infection in the treated group. © = Ea oes = 
For the most part the lungs of treated animals & rs 0 a AS Rp 
were completely free of the organism as indi- ks - a Za < 
cated by negative cultures. Strain 5A2, which © 3 $ eS ecomal re xo eee z 
is highly virulent, produced 100% mortality = 2 Sg a ae deco ap stg ek gl gets 
in untreated mice under the conditions of the » fo a ieee red nts Sma) ii et SS 
experiment. Treatment with candicidin pre- E\s < a 
vented this. a w se 

Candicidin had a significant protective % - er 
effect on mice inoculated intraperitoneally S s es 
with Histoplasma capsulatum (Table IV). = 3 | a © 
Strain 7A6 killed 14 of 16 untreated mice in a |§ S Pas 
14 days, whereas only 4 of 24 treated mice SS teal cape sear ae 
died in the same period. Untreated mice Si $ = ae 
which survived showed enlarged spleens. Onli. S ae 
Splenomegaly was present in only a few of $ $ ae 
the treated mice. Cultures of the spleens of = = — 
treated animals were positive in about 75% = S 
of the survivors, although in most cases only so 


a few colonies were evident as compared to 
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large numbers recovered from the spleens of 
untreated animals. When 0.3 ml of 1:100 
H. capsulatum suspension was inoculated in- 
travenously into 12 mice and treated accord- 
ing to the same dosage schedule, the protective 
effect of candicidin was not impressive. The 
spleens of treated animals were uniformly en- 
larged as much as the control group, although 
the number of organisms recoverable by cul- 
ture indicated a lower degree of infection. 

Candicidin given at the rate of 0.75 ml 
daily for 10 days to mice infected with 0.5 ml 
of 1:100 suspension of Sporotrichum schenckii 
in 5% gastric mucin exerted a pronounced 
suppressive effect on the disease. The peri- 
toneal surfaces of the intra-abdominal viscera 
of untreated mice were covered with whitish 
plaques. Of the 24 treated mice, 6 showed no 
lesions at all, and the remaining mice exhib- 
ited for the most part only a few scattered 
plaques. This significant suppressive effect 
should be viewed in relation to the relatively 
weak in vitro effect of candicidin on this or- 
ganism. 

Candicidin administered according to the 
above dosage scheme was ineffective in pro- 
tecting 24 mice injected intraperitoneally with 
a 1:100 suspension of C. immitis in 5% gastric 
mucin. 

Discussion. Candicidin is still an impure 
substance. The different lots available to us 
varied in antifungal potency and in toxicity. 
The results must, therefore, be considered as 
provisional. 

The preparations of Candicidin used in 
these experiments afforded marked protection 
in moniliasis, blastomycosis, and sporotricho- 
sis of mice. There was a significant but per- 
haps not strikingly protective effect in histo- 
plasmosis torulosis under the conditions of the 
experiment. The course of experimental coc- 
cidioidomycosis was not affected by this anti- 
biotic. 

Candicidin appears to be a promising thera- 
peutic agent because it possesses both fungi- 
cidal and fungistatic properties. Little is 
known about the excretion or destruction of 
this substance in the body. In its present 
state of purification, candicidin is too toxic 
to be injected subcutaneously or intramuscu- 
larly. Preliminary studies have shown that 
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it is not absorbed orally. In humans the only 
possible route of administration would be in- 
travenous infusion of dilute solutions by slow 
drip. 

A potential use of Candicidin would be the 
prevention of development of a yeast-like 
fungal flora in the gastrointestinal tract of 
those receiving such antibiotics as aureomycin, 
terramycin, and chloramphenicol. Large num- 
bers of organisms belonging to the genus 
Candida become established in the lower 
gastrointestinal tract of antibiotic-treated hu- 
mans. In addition, an abundant Candida 
flora arises in the oropharynx of individuals 
receiving the 3 antibiotics mentioned(3). 
Certain untoward side reactions are said to be 
due to this change in the microbial population 
of the bowel and oropharynx(4). The simul- 
taneous administration of Candicidin with the 
orally administered antibacterial antibiotics 
may possibly suppress the development of a 
Candida flora. Our preliminary studies in 
mice indicate that this is possible. When mice 
are allowed to imbibe chloramphenicol in their 
drinking water at the rate of 125 mg/kg for 
5 consecutive days, there is a great increase in 
the yeast flora of the feces. This effect can 
be entirely prevented by adding 10 mg of 
Candicidin to the drinking water per day. 

Another potential and somewhat unique use 
for this substance is suggested by the workers 
at the Communicable Disease Center in 
Georgia, who have found actidione useful in 
preventing fungus contamination when trying 
to isolate organisms such as C. immitis and 
the dermatophytes (the ringworm organisms) 
(2-5). Saprophytic contaminants, such as 
Aspergillus and Penicillium, often interfere 
with the successful isolation of ringworm 
fungi. Suppression of these organisms by 
actidione greatly facilitates isolation. Candi- 
cidin would probably have a similar effect. 

Summary. The water-soluble fraction of 
Candicidin has been shown to have strong 
anti-fungal activity im vitro against the major 
fungus pathogens of man with the exception 
of C. immitis and the ringworm fungi. Candi- 
cidin was found to be fungicidal as well as 
fungistatic. This antibiotic protected mice 
infected with C. albicans, B. dermatitidis, and 
S. schenckii.. Candicidin had only a partial 
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protective effect on torulosis and histoplas- 
mosis of mice. 
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Short Persistence of Trichomonas Vaginalis in Reinfected Immune Mice. 


(20129) 


R. J. SCHNITZER AND DorotHy RicHarDs KELLY. 


From the Chemotherapy Laboratories, Hoffmann-La Roche Inc., Nutley, N. J. 


The chronic tissue infection of mice with 
Trichomonas vaginalis(1) produced by intra- 
muscular injection of the parasites into the 
hindleg was found(2) to render the animals 
immune to a reinfection into the leg muscles 
of the opposite body side. A marked degree 
of immunity was observed in 70-100% of the 
animals for periods up to 10 weeks during 
which the primary lesion persisted. No an- 
atomical lesions and no parasites were found 
at the site of reinfection in protected animals 
examined 12 days after the reinoculation. Ex- 
periments of this type seemed suitable also to 
study the fate of the parasites during the early 
phases of the reinfection. Technically this 
was facilitated by the strictly localized char- 
acter of the infection of mice with T. vaginalis 
and because the fate of the parasites could be 
followed both by microscopical examination 
and by culture. The results obtained in a 
group of reinfection experiments are given in 
this report. 

’ Method. The technic used in the present 
experiments corresponded closely to that de- 
scribed earlier(2): Adult white mice, from one 
colony, were infected intramuscularly in the 
left hindleg with 500,000 parasites contained 
in 0.5 ml of an overnight culture of 7. vagi- 
nalis in CPLM medium(3). Three to 4 weeks 
later when, according to earlier experience, a 
high degree of immunity was present, the im- 
munized mice were reinfected with the same 
dose of T. vaginalis into the muscles of the 
right hindleg. A few drops of sterile India Ink 


were added to the culture dilution in order to 
mark the site of the infection in the tissues. 
Groups of normal mice received the same in- 
fection. At different intervals after the infec- 
tion, 4 hours, 8 hours, 1 day, 3, 6, 7, 8, and 10 
days, groups of 5 to 10 immune and normal 
mice were sacrificed and the site of the infec- 
tion was examined microscopically for the 
presence or absence of motile trichomonads. 
Cultures in CPLM medium were taken at the ~ 
same time from the tissues of both the immune 
and normal groups and examined after 48 
hours incubation. The primary lesions of the 
immunized mice were also examined. 

Experimental. A series of 5 experiments, all 
giving comparable results, was carried out. 
The data, which are given in Table I, are 
based on 2 experiments for the intervals of 
4 hours and 1 day and on 3-4 experiments for 
the remaining intervals of 8 hours, 3, 6-8, and 
10 days. 

All mice of the immune groups were carriers 
of large abscesses at the site of the primary 
immunizing infection. The pus of these 
abscesses contained numerous active parasites 
which grew abundantly in culture. The fate 
of the parasites of the reinfection is indicated 
by the outcome of the cultures taken at the 
different intervals after the reinfection. In 
groups no. 2 to 6, covering the intervals from 
8 hours to 10 days, the majority of the im- 
mune mice did not contain viable parasites at 
the site of the reinfection. This is demon- 
strated by the fact that 70-100% of the cul- 
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TABLE I. Fate of Reinfection with 7. vaginalis in Muscles of Immune and Normal Mice. 
Immunization: 500000 parasites intramuse. left hindleg 
Reinfection: 500000 parasites intramuse. right hindleg 
Interval between 1st and 2nd infection: 21-29 days 
Autopsy: 4 hr to 10 days after reinfection 


-——Parasites of reinfection——_, 


Group Interval, No. of -—No. of cultures-_, % negative 
No.* dayst mice Motility Negative Positive cultures 
teh lif 20 0 4 16 20 
IN alg, 20 0 0 20 0 
27 .33 30 0 22) 8 73.0 
2N 532) 3 0 9 21 30.0 
31 1.0 20 0 20 0 100.0 
3N 1.0 20 sleet 0 20) 0 
41 3.0 25 0 21 4 84.0 
4N 3.0 30 + 2 28 6.7 
51 6-8 33 0 27 6 82.0 
5 N 6—8 35 =+ 2 33 3.7 
61 10.0 20 0 20 0 100.0 
6N 10.0 25 + 0 25 0 


*T=immune group; N = normal group. 
+ Between reinfection and autopsy. 


¢t + signifies that 50% of the normal mice contained 


tures failed to show growth of the parasites 
while in the corresponding groups of normal 
control animals trichomonads were recovered 
by culture in the majority of cases. The dif- 
ferences between immune and normal groups 
were in all these instances significant with 
‘p’ values of 0.01 and less. In the group 1 I, 
however, sacrificed and examined 4 hours after 
the reinfection, viable trichomonads were 
demonstrated in 16 out of 20 mice and the 
difference between the immune group and the 
normal group was not significant. 

The observation of motility of 7. vaginalis 
in direct smears from the infected tissues had 
essentially the same result, but this method 
had the disadvantage that marked differences 
of the immune and normal groups could only 
be noted after 24 hours and later because 
motile parasites were also not detected in the 
smears of the normal controls during the first 
8 hours. Marked anatomical lesions could 
only be expected in the groups 6 I and 6 N 
examined 10 days after the reinfection. In 
accordance with earlier observations para- 
sitized abscesses were found in the control 
group, but were absent in the group of immune 
mice. 

Discussion. The experiments seemed to 
indicate that the immunity which accompanies 
the chronic intramuscular infection of mice 
with 7. vaginalis exerted an appreciable effect 


‘ 


motile parasites. 


on the persistence of the parasites at the site 
of the reinfection. The inoculum survived in 
the tissues for 4 hours but parasites could not 
be recovered in the majority of instances after 
8 hours. The disappearance of viable para- 
sites from the site of the reinfection was a 
permanent one; the percentage of negative 
cultures remained on the high level of 70- 
100% for the entire period of observation up 
to 10 days after the reinfection. This fre- 
quency of immunity under the conditions of 
this type of active immunization is in good 
agreement with our earlier observations(2) 
which were based on the absence of parasitized 
abscesses in reinfected immune animals. 


The findings confirm the general experience 
in protozoan immunity in which, according to 
Culbertson(4), the persistence of parasites in 
immune animals is considerably shortened. In 
case of T. foetus it was shown by Nelson(5) 
that in experimentally immunized rabbits the 
duration of a vaginal reinfection was reduced 
from 23 days to 2 days. The intramuscular 
trichomonad infection of mice which may per- 
sist in normal animals for 12 weeks and longer 
(1) seemed to be limited in immune animals 
to a period between 4 to 8 hours. 


Summary. In mice immunized by intra- 
muscular infection with live 7. vaginalis the 
parasites of a homologous reinfection were 
found to survive in the tissues of the host for 
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4 hours. At later intervals from 8 hours to 
10 days after the reinfection, viable parasites 
could no longer be recovered by culture from 
the majority of animals. 
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Alpha Cell Damage and Blood Sugar Changes in Rabbits after 


Administration of Cobalt.* 
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Bruno W. VoLk, SypDNEy S. LAZARUS, AND MartTIN G. GOLDNER. 


From the Division of Laboratories and the Department of Medicine, Jewish Sanitarium and 
Hospital for Chronic Diseases, Brooklyn, N. Y. 


In a preliminary report it has been shown 
by us that in the rabbit a single intravenous 
injection of cobaltous chloride causes both 
transitory hyperglycemia and severe selective 
damage to the pancreatic alpha cells(1). Al- 
though the blood sugar returned to the pre- 
treatment level within a few hours after co- 
balt administration, the alpha cell damage was 
still present after 48 hours. Despite these 
persistent anatomical changes, a second dose 
of cobaltous chloride administered at 48 hours 
induced a second hyperglycemic episode. 
These observations suggest two possible 
mechanisms for the action of cobalt. On the 
one hand it might be assumed that the alpha 
cells on being damaged by cobaltous chloride 
released a factor with hyperglycemic proper- 
ties. This hypothesis would be in conformity 
with numerous reports which give evidence 
for the presence of a hyperglycemic glycogen- 
olytic factor (HGF) in the pancreas, and 
which suggest that the alpha cells are the site 
of its production(2-4). The absence of a 
persistent hypoglycemia after the initial hyper- 
glycemia and the repeated hyperglycemic epi- 
sodes elicited by additional injections of co- 
baltous chloride may indicate simply that 
alpha cells sufficient to maintain blood sugar 
homeostasis and to cause a hyperglycemic 


* This study was aided in part by a grant from the 
Ciba Pharmaceutical Products Inc., Summit, N. J. 


phase on readministration of cobaltous chlo- 
ride have escaped the damaging effects of the 
initial injection. On the other hand, the alter- 


nate hypothesis has to be considered that the- 


alpha cell damage and the hyperglycemic 
episodes are independent effects of cobaltous 
chloride, the latter being of extrapancreatic 
origin. The experiments to be reported in 
this paper were undertaken to study the inter- 
relationship between the anatomical and func- 
tional changes caused by cobaltous chloride. 

Material and methods. Cobaltous chloride 
as 0.5% solution in saline was administered 
intravenously to normal and alloxan diabetic 
rabbits of both sexes weighing from 2000 to 
3000 g. Alloxan diabetes was produced by the 
intravenous injection of 100 mg/kilo of al- 
loxan monohydrate (Eastman). Those ani- 
mals which maintained blood sugar levels over 
300 mg for at least one week were utilized. 
Blood samples for glucose determination by 
the Nelson modification of the Folin-Wu 
Micro Method(5) were withdrawn from the 
marginal ear vein. Animals were sacrificed 
by intracardiac air embolization and portions 
of the pancreas and liver were removed for 
histological examination, which included for- 
malin fixed paraffin sections of both organs 
stained with Haematoxylin and Eosin, Bouin 
fixed pancreas prepared by Gomori’s Method 
(6), and alcohol fixed liver stained by the 
MacManus technique(7). 
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BIG. 1. a. Pancreatic islet of rabbit 1 hr after 50 mg of CoCl,. Arrows indicate degenerating 
alpha cells. Gomori Stain X 500. b. Same, 3 hr after 50 mg of CoCl,. The islet is composed 
exclusively of beta cells. Gomori Stain < 500. ¢. Sections from same pancreas as b, showing a 
few degenerated alpha cells (arrows). Gomori Stain x 500. d. Pancreatic islet from alloxan- 
ized rabbit. Arrows indicate intact alpha cells surrounding debris of the beta cells. Gomori 
Stain < 500. e. Pancreatic islet from alloxanized cobalt-treated rabbit. Arrows indicate rem- 
nants of alpha cells. Gomori Stain < 500. f. Normal control. Gomori Stain x 375. 


Results. a. Optimal Dosage and Toxicity. 
An initial series of normal animals each re- 
ceived single intravenous injections of either 
20, 40, 50, 80, 100, or 200 mg of cobaltous 
chloride. The blood sugar fluctuations and 
morphologic changes were followed as long as 


the survival of the animals permitted. Those 
animals receiving 100 mg or more developed 
wheezing, diarrhea and convulsions and usual- 
ly died within several hours with symptoms 
of severe respiratory distress. Animals receiv- 
ing less than 100 mg of cobalt occasionally 
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showed diarrhea but no other toxic symptoms. 
The hyperglycemic response and _ histologic 
changes after 20 mg of cobalt were inconstant. 
Doses of 40 mg to 50 mg seemed to give 
optimal results. Therefore, a dose of 50 mg 
was used routinely for the rest of the experi- 
ments. 

b. Effect of single and repeated injections of 
50 mg of cobaltous chloride. A single injec- 
tion of 50 mg of cobalt was given to normal 
animals and blood samples were withdrawn at 
half hour intervals for 4 hours, and daily 
thereafter. Two animals each were sacrificed 
at 1, 2, and 3 hours, and 1, 2, 4, 6, and 10 
days after cobalt administration. Additional 
groups each received repeated injections of 
50 mg of cobalt: 1) at one hourly intervals 
for 4 doses; 2) at 2 hourly intervals for 3 
doses; and 3) at daily intervals for 3, 4, 7, or 
10 doses. Animals receiving 3 or more injec- 
tions of 50 mg each at 1- or 2-hour intervals 
usually did not survive the third injection. 
In each case in surviving animals blood sugar 
determinations were done every half hour 
during the period immediately following the 
cobalt injections and at daily intervals there- 
after. 

Morphologically it was found that one hour 
after a single injection of 50 mg of cobaltous 
chloride there was considerable diminution in 
the number of alpha cells. Most of those re- 
maining were markedly shrunken and rounded 
in appearance (Fig. la). The granules had 
disappeared and the cytoplasm had become 
homogeneously acidophilic. The nuclei were 
compact and pyknotic. Two or three hours 
after the injection there was a further decrease 
in the number of alpha cells and many of 
those still visible were transformed into 
clumps of acidophilic debris. Many islets at 
this time consisted only of beta cells (Fig. 1b). 
In other islets occasional isolated “shadows” 
of alpha cells were seen at the periphery (Fig. 
Ic). However, a few intact alpha cells were 
still visible in most sections. This picture 
became increasingly accentuated until 48 
hours after the cobalt administration. After 
4 days these changes were still present. Al- 
though after the 6th day the cellular damage 
was still marked, the number of intact alpha 
cells was increased, and by the 10th day the 
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regenerative processes were more marked. It 
should be noted that the effect of cobalt is not 
entirely uniform in different animals. Since 
repeated injections of cobalt at hourly and 
2-hourly intervals usually caused the death of 
the animal within 6 hours, serial histologic 
studies could not be done. However, the 
most marked alpha cell damage was observed 
in pancreatic tissue obtained from these ani- 
mals. Daily administration of cobaltous chlo- 
ride, on the other hand, did not seem to in- 
tensify the anatomical changes produced by a 
single injection. 

Histological examination of the livers failed 
to reveal any parenchymatous damage but 
showed marked depletion of glycogen in al- 
most every instance. 

The blood sugar level after a single intra- 
venous dose of 50 mg of cobalt reached its 
maximum value between 30 minutes and 2 
hours after the injection. The peak blood 
sugar value averaged 60 mg % above the fast- 
ing level. . Within 4 hours the blood glucose 
concentration reverted to the normal range 
(Fig. 2a). Subsequent daily blood sugar values 
were not significantly different from those 
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FIG. 2. Initial effect on blood sugar level of single 
or multiple injections of cobaltous chloride in fast- 
ing normal and alloxanized rabbits. 
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which would be found in untreated normal 
animals. Fig. 2b demonstrates the effect on 
the blood sugar level of consecutive hourly 
administrations of cobalt, while Fig. 2c repre- 
sents the effect of injections at two hourly 
intervals. These repeated injections each 
cause a rise of the blood sugar level. Repeat- 
ing the injection of cobalt at daily intervals 
caused each time a transitory rise of the 
blood sugar level similar to that seen in Fig. 
2a. The interval blood sugar, as seen in Fig. 
3, Curve 1, did not vary significantly from the 
physiologic range. 

c. Effect of cobalt on the alloxanized rabbit. 
The alloxan diabetic animals received either 
single injections of 50 mg cobaltous chloride 
or repeated injections at daily intervals for 
3 days. No insulin was given prior to or dur- 
ing the experiment. Blood samples were 
taken every half hour for a four-hour period 
after each cobalt injection and daily there- 
after. Animals were sacrificed serially. In sev- 
eral animals the same experiment was repeated 
at 10-day to 2-week intervals. The islets 
-of control alloxanized rabbits showed the usual 
morphologic picture consisting of a center 
composed of granular debris of degenerating 
beta cells with a peripheral layer of intact 
alpha cells (Fig. 1d). After cobalt adminis- 
tration this rim of alpha cells showed the same 
morphologic changes as occurs in the normal 
islet (Fig. le). Most of the alpha cells were 
replaced by amorphous cytoplasmic remnants. 
However, it seemed that this destruction of 


the alpha cells was more marked in the alloxan 
diabetic than in the normal rabbit. One of 
our slides showed only undifferentiated cellular 
debris with an occasional cluster of degener- 
ated alpha cells in the islets. 

The effect of cobalt chloride on the blood 
sugar level of the diabetic animal showed two 
different phenomena: firstly, each injection 
was followed immediately by an augmentation 
of the hyperglycemia which was more pro- 
longed but of the same degree as in the normal 
rabbit (Fig. 2d); secondly, after the second 
or third cobalt injection there occurred in 
some animals a gradual fall of the fasting 
blood sugar. This continued for several days. 
After four or five days the blood sugar level, 
however, returned gradually to the pre-cobalt 
level (Fig. 3, Curve 2). The alloxanized 
animal seemed to be more sensitive ‘to the 
toxic action of cobalt than the normal rabbit 
and occasionally died after the second or third 
daily injection with a precipitous fall in the 
blood sugar. 

Discussion. The data presented in this 
paper favor the hypothesis that the transitory 
hyperglycemia and the selective damage to 
the pancreatic alpha cells are independent 
effects of the intravenous administration of 
cobaltous chloride. 

The morphologic studies demonstrate that 
the alpha cell damage appears rapidly and is 
rather extensive. It is observed within one 
hour after cobalt administration and persists 
for a period of at least 10 days. Only a few 
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cells escape serious morphologic damage. Re- 
generative processes seem to start by the sixth 
day. The damage induced by a single intra- 
venous dose of 50 mg appears to be almost 
optimal and can be increased only if the injec- 
tions are repeated at short intervals of one 
or 2 hours. Injections at intervals of one or 
more days do not seem to augment the damage 
elicited by the first injection. 

The changes of the blood sugar, on the 
other hand, revealed an entirely different pat- 
tern. Each intravenous injection was fol- 
lowed by a transitory hyperglycemia, regard- 
less whether the time interval was one or two 
hours, or 1, 2, or 10 days. The glycemic 
curve was of the same character and degree 
after the first injection which caused the most 
extensive cellular damage as after the subse- 
quent injections which increased this damage 
only slightly or not at all. Moreover, in the 
normal rabbit transitory hyperglycemia was 
followed by a return to normoglycemia within 
two to four hours in spite of persistent impair- 
ment of the alpha cells. This normoglycemia 
was then maintained indefinitely, or until a 
hew injection caused a new transitory eleva- 
tion. No periods of hypoglycemia were ob- 
served, except in terminal cobalt alloxan dia- 
betic animals, as mentioned above. 

If the transitory hyperglycemia were a func- 
tion of the alpha cell damage, a relationship 
between its degree and the extent of the cel- 
lular damage would be expected; repeated in- 
jections of cobalt should cause smaller or no 
elevations of the blood sugar. The reestablish- 
ment and maintenance of normoglycemia in 
spite of persistent alpha cell damage seems to 
indicate also that blood sugar homeostasis 
does not depend on the integrity of these cells 
unless it is assumed that the few remaining 
cells suffice for this function. 

In the alloxanized animals we found a 
temporary improvement after cobalt adminis- 
tration, but within a few days the hypergly- 
cemia had returned to the pre-treatment level. 
It seems possible that a toxic effect on the 
liver rather than the alpha cell damage caused 
this temporary lowering of the blood sugar. 
This is even more likely in view of the death 
of some of the cobalt treated alloxanized ani- 
mals with toxic symptoms and a precipitous 
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fall in the blood sugar level. It is well known 
that hepatic injury ameliorates the diabetes of 
depancreatized animals(8); reference should 
also be made to the fact that cobalt is ex- 
creted by the organism through the liver and 
bile(9). It has been stated above that the 
livers of cobalt treated rabbits appear to be 
markedly depleted of glycogen. 

Our observations are at variance with those 
of others who noted permanent improvement 
of alloxan diabetes after the administration of 
cobalt (10), and who consider the cobalt hyper- 
glycemia as evidence of an alpha cell hormone 
(11). Further studies are in progress in our 
laboratory to elucidate the mechanism of the 
cobalt hyperglycemia in relation to the func- 
tion of the pancreatic alpha cells as well as on 
the process of regeneration of these cells after 
cobalt damage. ; 


Summary. 1. The intravenous injection of 
cobalt chloride is accompanied by a transient 
hyperglycemic episode and causes rapid selec- 
tive injury to the alpha cells of the pancreatic 
islets which can still be observed after 10: 
days. However, regeneration of the alpha cells 
starts by the 6th day. 
balt injections each elicit a similar change in 
the blood sugar level, this is thought not to be 
due to the alpha cell damage but to an extra- 
pancreatic toxic action of cobalt probably on 
the liver. 3. Hypoglycemia is not observed. 
in normal rabbits with alpha cell damage, sug- 
gesting that the blood sugar homeostasis does. 
not depend on the integrity of these cells. 4. 
Although a lowering of the blood sugar which 
is apparently a toxic effect, is observed in 
alloxan diabetic animals for a few days after 
repeated cobalt injection, the pre-injection 
level is regained while alpha cell damage is 
still present. This is interpreted to signify 
that the severity of the diabetes of the al- 
loxanized animal is not a result of a physio- 
logic hyperglycemic action of the alpha cells. 
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Organelle Nature of a Cell Granule from a Thermophilic Bacterium.* 


(20131) 


LovuisE BURNS AND WALTER MILITZER. 


(Introduced by C. E. Georgi.) 


From the Department of Chemistry, University of Nebraska, Lincoln, Neb. 


Recent interest in mitochondria of animal 
and plant cells has quickened the search for 
specific granules in bacteria(1). In a former 
paper from this laboratory(2), we presented 
evidence to show that a fraction isolated from 
-a thermophilic bacterium(3), Bacillus stearo- 
thermophilus (No. 2184), was, indeed, a spe- 
cific cell granule. The data rested upon 
photomicrographs and upon certain enzyme 
data. Some doubt could still be raised at the 
organelle nature of the granules on the basis 
that the particles isolated are not the particles 
as seen in the intact cells. The percentage of 
granules in whole cells is roughly 60% of the 
total protein, a figure which is entirely out of 
proportion by comparison to figures for or- 
ganelles of animal cells. Further, staining 
technics on whole cells could lead to false in- 
terpretations due to diffusion artifacts, a fact 


well recognized by Koelle(4) and Novikoff 


(5). 

Recently, we have obtained data by the use 
of triphenyltetrazolium chloride (TPTZ) that 
leaves little doubt as to the existence in the 
intact cells of the granules obtained after 
treatment with lysozyme. 

Cells of the thermophilic bacterium No. 
2184 when treated with TPTZ and substrate 


* Aided by a grant from the Division of Research 
Grants, U. S. Public Health Service. Phase contrast 
accessories were made available through a grant from 
the Louis Livingston Seaman Fund, New York Acad- 
emy of Medicine. 


reveal zones in the areas where oxidation is 
carried on due to the deposition of insoluble 
formazan which can be seen with the phase 
microscope as highly refractile and remark- 
ably clear areas. Bielig, Kausche, and Haar- 
dick(6) have already pointed out the useful- 
ness of TPTZ with the conventional micro- 
scope in locating areas of oxidation in bacteria. 
The granules isolated after lysozyme treat- 
ment show the same properties toward TPTZ 
as do the original cells. In each case where 
formazan is seen within the cell, the same 
deposition can be seen in the granule. When 
no formazan is deposited in the cell, no for- 
mazan is deposited in the granules. 

The most striking illustration of such paral- 
lel behavior is seen with the pyruvic oxidase 
system. This system oxidizes pyruvate in a 
solution containing fresh cells or fresh gran- 
ules (10 mg), diphosphothiamine (50 pg), 
pyruvate (0.05 M), TPTZ (0.05%), phos- 
phate buffer of pH 6.5 (1.0 ml), magnesium 
sulfate (4 x 10° M) in a total volume of 3.0 
ml. At 60°C the reaction time to show pro- 
nounced color development is rapid with 
granules (15 min.) and somewhat slower with 
whole cells (30 min.). When viewed under 
the phase microscope after the reaction, the 
cells show definite refractile areas (Fig. 1). 
These areas appear to be in the granules 
themselves, although distinct discernment of 
the granule is not quite possible without coun- 
terstaining, a practice that destroys the for- 
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FIG. 1. Whole cells of Bacillus stearothermophilus (No. 2184) treated w 
zolium chloride (TPTZ) and pyruvate, showing refractile areas under 
Cells were immobilized in 1.0% methyl cellulose. 


FIG. 2. Control whole cells showing the absence of refractile areas when substrate is omitted. 


ith triphenyltetra- 
the phase microscope. 
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FIG. 3. Cell granules, isolated from thermophile No. 2184, showing refractile areas with 


TPTZ and pyruvate. 
FIG. 4. Control cell granules, 


mazan localization. A control on whole cells 
without pyruvate does not show refractile 
areas (Fig. 2) except on prolonged standing 
in which case the substrates already present 
within the cells cause deposition of formazan. 
The isolated cell granules, also, show clear 
refractile areas with TPTZ and pyruvate 
(Fig. 3), whereas the control without sub- 
strate (Fig. 4) remains negative for days. 

The refractile areas in the bacteria cannot 
be confused as spores which, it could be ar- 
gued, might arise due to the unusual condi- 
tions. A sporulating bacterium can be seen 
in Fig. 2. The spore, under the phase micro- 
scope, does not have the brilliant appearance 
of the formazan areas. 

Cells that have been dried show no activity 
with pyruvate and TPTZ, nor do the granules 
isolated therefrom. No refractile areas can be 
‘seen under the phase microscope with these 
preparations. Drying readily inactivates the 
pyruvic oxidase system, as do freezing and 
surface inactivation. 

Results with other substrates bear out fully 
those obtained with pyruvate. The granules 
and the cells show good enzyme activity and 
-refractile bodies with TPTZ and malate, suc- 
cinate, lactate, glucose, isocitrate, oxalacetate, 
and fumarate. The supernatant from the 
separation of the granules shows good enzyme 
activity only with malate, slight activity at the 
end of an hour with glucose and lactate, but 
no activity with pyruvate, succinate, and iso- 
citrate. 

In addition to the enzymes mentioned 
above, the granules show aconitase and alpha 
ketoglutaric oxidase activity (shown by means 
other than the TPTZ technic) thus rounding 
out the group of enzymes making up the 
Krebs tricarboxylic acid cycle. Table I gives 
the activity of several of these enzymes. The 
results with TPTZ on the substrates of the 


TABLE I. Activity at 45°C of Some Enzymes 
Located in the Cell Particle. 


Activity/10 mg 


Enzyme protein/hr (O,) 
Succinoxidase 36 ul 
Cytochrome b 50” 

Alpha ketoglutaric oxidase A ioee 
Pyruvic oxidase 254 ” 


Aconitase 176 uM citrate formed 
fsocitric dehydrogeuase 59 ul 
Malic dehydrogenase 175’ 


Krebs cycle have been amply verified by 
studies on oxygen consumption with the War- 
burg apparatus with the exception of aconi- 
tase, which was determined colorimetrically 
by a method given by Dickman and Cloutier 
(7). 

Conclusions. Photomicrographs and _ en- 
zyme data obtained with triphenyltetrazolium 
chloride and various substrates support earlier 
conclusions that a fraction isolated from a 
thermophilic bacterium consists of cell gran- 
ules. Formazan, deposited at local sites of 
oxidation, appears under the phase microscope 
as brilliant refractile particles. The isocitric 
acid cycle appears in the cell granule. 
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Phagocytosis Influenced by Bacterial Culture Medium. 


(20132) 


Epwin M. LERNER II ANp JosEPH VICTOR. 
From the Biological Laboratory, Chemical Corps, Camp Detrick, Frederick, Md. 


During a study of opsonins for Escherichia 
coli in the blood of normal humans and dogs, 
it was noted that the medium in which the 
organism was grown influenced its phagocy- 
tosis. The possibility that a sensitizing ma- 
terial was present in certain types of culture 
media, or was elaborated during growth in 
these media, was investigated. 

Methods. A strain of E. coli used in this 
laboratory was carried routinely on Bacto 
Tryptose Agar enriched as noted below. A 
comparison was made between phagocytosis of 
organisms grown in Bacto Tryptose Broth to 
which were added 10 g dextrose, 10 mg 
FeSO,, and 0.1 mg thiamine hydrochloride 
per 1, and those grown in Bacto Beef In- 
fusion Broth containing 20 g peptone and 5 g 
NaCl per 1. Cultures were grown 18-20 hours 
at 37°C, harvested by centrifugation, washed 
in 0.9% NaCl, and resuspended in saline. All 
live suspensions were standardized to 1.0 x 
10°/ml_ turbidimetrically, using a Coleman 
Model 11  spectrophotometer, and were 
checked by the dilution plate count method. 
When killed suspensions were employed, 18-20 
hour tryptose broth cultures were centrifuged, 
suspended in saline, and treated with 1% 
formaldehyde for 24 hours at room tempera- 
ture. The formaldehyde was removed by 3 
washes of saline, and suspensions were checked 
for sterility by plating. Ultrafiltration of 
media was carried out with cellophane dialysis 
tubing, at 5°C and 10 cm Hg pressure. Dog 
blood was drawn from the jugular vein into a 
syringe containing 1 mg heparin (Lederle) 
per 10 ml blood. The cells were washed in 
6 changes of Krebs-gelatin solution(1), and 


then suspended in an equal volume of Krebs- 
gelatin solution for the phagocytosis test. In 
the quantitative estimation of phagocytosis, 
0.1 ml washed dog blood cells in Krebs-gelatin 
solution prepared as described above was 
added to 0.1 ml saline containing 1 x 10% 
E. coli. Details of the measurement of phago- 
cytosis are described elsewhere(1). 

Results. 1. Phagocytosis of E. coli grown 
in tryptose and in beef media. E. coli were 
grown 18-20 hours at 37°C, either in tryptose 
or in beef infusion broth, harvested, and sus- 
pended to 1.0 x 10®/ml in saline. Phagocytosis 
was measured after rotation of the blood cell- 
bacterial mixture for 30 minutes at 37°C. 
The results are summarized in Table I. The 
mean percentages and their probable errors of 
neutrophiles phagocytosing FE. coli after 
growth in beef and tryptose media were 87.5 
+ 0.8 and 19.4 + 1.1, respectively. 

2. Phagocytosis of E. coli grown in ultra- 
filtration fractions of beef. In order to obtain 
information concerning the nature of the prin- 
ciple in beef responsible for increased phago- 
cytosis, sterile beef infusion broth was filtered 
under pressure through cellophane dialysis 
tubing. Filtrates varying from 10% to 90% 
of total original volume were collected, and re- 
sterilized by autoclaving. Phagocytosis was 
equally elevated after E. coli was grown in 
beef infusion medium, its ultrafiltrate, or its 
residue, Table I, indicating that a respon- 
sible principle was freely dialysable and stable 
to autoclaving. 

3. Sensitization to phagocytosis of E. coli 
during growth in beef infusion medium. Since 
greater phagocytosis of E. coli occurred after 


TABLE I. Percentage of Neutrophiles Phagocytosing BH. coli Grown in Beef Infusion Broth, 
Ultrafiltrate, Residue, and Tryptose Broth. 


Diff. 
Medium No. obs. Mean + P.E. S.D. P.E. diff. 
A. Beef infusion 32 oO + 0.8 + 6.9 
B. Ultrafiltrate 8 8 + 2.9 +11.4 A-B 1.77 
O. Residue 8 8+ 3.4 +13.7 A-C 0.21 
D. Tryptose 43 eral) SES A—D 48.6 
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TABLE II. Correlation of Growth in Beef Infusion Broth with Phagocytosis of H. coli. 


% of neutrophiles phagocytosing 
E : 


. colr Comparison of % of 
pe 16 hr 
Hr of Mean No. Diff. —- 7 
culture of EF. coli Mean + P.E. 8.D. PE. diff Growth Phagocytosis 
Inoculum 5.58 & 108 25.2 + 4.4 +19.9 30 
0 4.79 * 108 28.8 + 4.6 +20.7 0-I 0.56 8 35 
2 3.92 < 10° 45.8 + 4.8 +21.5 2-I 3.17 63 55 
4 5.08 x 10? 53.2 + 4.3 +19.4 4-I 4.52 82 68 
6 5.94 < 10° 72.4 + 3.8 +17.2 6-I 8.14 96 87 
16 6.23) << 10? 84.0 + 2.2 +10.1 16-I 12.00 100 100 


TABLE III. Percentage Neutrophiles Phagocytosing Tryptose Grown E. coli Washed in Beef 
Infusion Broth, in 0.9% NaCl, and in Supernatant of Beef Infusion Cultures. 


Diff. 
Washing medium No. obs. Mean + P.E. S.D. P.E. diff. 
A. Beef infusion : 41 32.742.0 +19.4 
B. Saline 39 27.00 + 1.6 +15.1 A-B 2.19 
C. Beef infusion supernatant 8 38.8 + 3.6 +14.5 
D. Saline 8 33.8 + 4.4 +17.9 C-D 0.88 


growth in beef infusion than in tryptose broth, 
experiments were designed to determine when 
sensitization to phagocytosis took place. To 
10 ml beef infusion broth was added 1 ml of a 
16-hour tryptose broth culture. The £. coli 
were harvested immediately after mixing, and 
after 2, 4, 6, and 16 hours growth at 37°C. 
Total number of organisms was estimated tur- 
bidimetrically and by dilution plate counts. 
The suspensions were standardized to 1 x 
10°/ml for phagocytosis measurements. A 
summary of 10 experiments is shown in 
Table II. There was a slight loss of organisms 
from the measured inoculum at 0 hours. The 
rate of growth was extremely rapid, an 8- to 
9-fold multiplication occurring within 2 hours 
after inoculation. After 2 hours, growth was 
slower, and approached maximum in 6 hours. 
Sensitization to phagocytosis increased some- 
what more slowly with time, but correlated 
closely with growth in beef infusion medium. 

4. Phagocytosis of E. coli grown in tryptose 
and washed in beef infusion broth. Since 
growth in beef media resulted in sensitization 
of E. coli, attempts were made to opsonize 
tryptose-grown organisms by brief contact 
with beef infusion. When 1 x 10° live or dead 
E. coli were suspended in 1 ml beef infusion 
broth, the liquid removed, and the organisms 
resuspended in saline, no increase in phago- 


cytosis over saline-treated controls resulted 
(Table III). 

5. Phagocytosis of tryptose-grown E. coli 
washed in supernatant of beef infusion cul- 
tures. E. coli were not opsonized by washing 
in beef infusion medium but were sensitized to 
phagocytosis during growth in this medium. 
It was then determined whether the sensitizing 
factor(s) thus formed diffused into the me- 
dium. E£. coli were grown in beef infusion and 
in tryptose broths for 18 hours, and removed 
by centrifugation. The tryptose-grown organ- 
isms were suspended in the supernatant of the 
beef infusion cultures. Volumes of super- 
natant medium and numbers of organisms 
were kept the same. After suspending in beef 
culture supernatant, the tryptose-grown E£. 
coli were centrifuged, washed in saline, and 
again standardized to 1 x 10°/ml. Controls 
were tryptose-grown F. coli treated with 
saline. The same experiments with super- 
natants of cultures were carried out using for- 
maldehyde-killed Z. coli. Results are shown 
in Table III. No evidence of free sensitizing 
factor was found in the beef medium super- 
natant. 

Discussion. Microscopic examination of 
live organisms or of the stained smears used 
in the quantitative estimation of phagocytosis 
has shown that E. coli cells from beef medium 
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are small and rounded, and cells from tryptose 
medium are larger, more oblongate, and vacuo- 
lated. Electron micrograph studies have con- 
firmed these observations. Fenn(2) found 
greater phagocytosis of larger than of smaller 
quartz particles, presumably because the prob- 
ability of collision of particle and of cell de- 
pended on their size. The difference between 
phagocytosis of E. coli cells grown in tryptose 
and beef infusion media cannot be ascribed 
to size, since the smaller beef infusion grown 
organisms are more readily phagocytosed. 
The foregoing experiments demonstrate 
that E. coli can be sensitized for phagocytosis 
by growth in beef infusion medium, and indi- 
cate that in vitro phagocytosis of micro- 
organisms can be influenced by the medium 
in which they are cultivated. The sensitizing 
material cannot be washed free; 10- to 12-fold 
washing in saline did not decrease the phago- 
cytosis of beef-grown E. coli. The absence of 
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a sensitizing system from either the original 
beef infusion or from culture supernatants, 
and its appearance during growth, indicate its 
elaboration by the bacteria. 

Summary. 1. The medium in which E. coli 
is grown influences its phagocytosis. Organ- 
isms grown in beef infusion are phagocytosed 
much more than those grown in _ tryptose 
medium. 2. The factor(s) in beef infusion is 
ultrafilterable and stable to autoclaving. 
3. The absence of opsonin from beef infusion 
or from supernatant of beef infusion cultures, 
and the appearance of sensitization during 
growth, indicate formation of sensitizing sub- 
stances by E. coli in beef infusion medium. 


1. Victor, J., Pollack, A. D., Raymond, R., and 
Valliant, J.. J. Bact.; 1952, v64, 121. 
2. Fenn, W. O., J. Gen. Physiol., 1921, v3, 439. 
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Comparison of Effect of Progesterone and 11-Ketoprogesterone upon 


Glycosuria of Partially Depancreatized Rat. 


(20133) 


Dwicut J. INGLE, DEXTER F. BEARY, AND ANDREJS PURMALIS. 


From the Research Laboratories, The Upjohn Co., Kalamazoo, Mich. 


The 11l-oxygenated steroid compounds of 
the adrenal cortex are more potent than their 
11-desoxy analogs(1) in affecting carbohy- 
drate metabolism. The data of the present 
study show that 11-ketoprogesterone has a 
greater diabetogenic effect in the partially de- 
pancreatized rat than does progesterone. The 
first demonstration that 11-ketoprogesterone 
is diabetogenic was in unpublished experiments 
by Dr. R. O. Stafford and Mr. W. P. Baker, 
Department of Endocrinology, The Upjohn 
Research Division. 

Methods. Male rats of the Sprague-Dawley 
strain were maintained on Archer Dog Pellets 
until they were partially depancreatized at a 
weight of 275 to 280 g. After diabetes was 
established all of the rats were placed in me- 
tabolism cages and force-fed a medium car- 
bohydrate diet(2) by stomach tube each 
morning (8:30 to 9:30 a.m.) and afternoon 
(4:15 to 5:00 p.m.). The technics and diet 


were modifications of those described by 
Reinecke, Ball and Samuels(3). The test sub- 
stances were ground into a fine suspension in 
peanut oil and were administered by sub- 
cutaneous injection twice daily. The animals 
were kept at a temperature of 74 to 78°F. 
Twenty-four-hour samples of urine were col- 
lected at the same hour (8:00 to 8:30 a.m.) 
and preserved with toluene. Urine glucose 
was determined by the method of Shaffer and 
Williams(4). The 11-ketoprogesterone was 
obtained from the Department of Chemistry 
of the Upjohn Company, where it was pre- 
pared from 11«-hydroxyprogesterone obtained 
by the microbiological oxidation procedure re- 
cently developed in these laboratories(5). 
Experiments and results. Exp. 1 (Fig. 1) 
involved 12 moderately diabetic rats which 
were observed during a control period of 14 
days. Six rats were each treated with pro- 
gesterone in doses of 1, 2, 4, 8, 16, 32, and 64 
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FIG. 1. A comparison of the effects of progesterone and 11-ketoprogesterone upon glycosuria. 
Averages for 6 rats/group. 
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The effect of different doses of 11-ketoprogesterone upon glycosuria. Averages for 6 


rats/group. 


mg daily for 3 days per dose. Six rats were 
each treated with 11-ketoprogesterone in doses 
of 1, 2, 4, 8, and 16 mg daily for 3 days per 
dose. When the injections were stopped all of 
the rats were observed during a final control 
period of 14 days. During the administration 
of progesterone in doses of 2 to 16 mg daily 
there was a small decrease in the average level 
of glycosuria. At a dose of 64 mg per day there 
was some rise in the average level of gly- 


cosuria. During the administration of 11- 
ketoprogesterone in doses of 1 to 4 mg daily 
there was no significant change in the level of 
glycosuria, but the injection of 8 to 16 mg 
daily caused a marked increase of the gly- 
cosuria of each rat. Equal doses of pro- 
gesterone were ineffective. 

Exp. 2 (Fig. 2) involved 36 moderately 
diabetic rats which were observed during a 
control period of 14 days, injected with 11- 
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FIG. 3. Exacerbation of diabetes in an adrenalectomized-partially depancreatized rat given 2 
ml daily of adrenal cortical extract during the experiment. 
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FIG. 4. Exacerbation of diabetes by large doses of progesterone, Average for 6 rats. 


ketoprogesterone for 7 days and observed 
during a final control period of 7 days. Doses 
of 1, 2, 4, 8, 16, and 32 mg daily were tested 
on 6 rats per dose. Doses of 1, 2, and 4 mg 
daily were either ineffective or caused a slight 
suppression of glycosuria in some of the rats. 
Doses of 8, 16, and 32 mg daily caused exacer- 
bation of diabetes to an extent which was re- 
lated to the size of dose. When the injections 
were stopped the glycosuria fell to pre- 
injection levels. 

Exp. 3 involved 3 adrenalectomized-par- 
tially depancreatized rats, each of which was 


maintained on 1 ml (1 glycogen unit) of ad- 
renal cortical extract per day. Following a 
control period of 14 days each rat was injected 
with 11-ketoprogesterone in doses of 1, 2, 4, 
8, and 16 mg daily for 3 days per dose. At the 
end of the injection period the rats were ob- 
served during a final control period of 15 days. 
The injection of 11-ketoprogesterone caused a 
rise in the level of urinary glucose to an ex- 
tent that was proportional to the dose. The 
results are illustrated in Fig. 3. 

Exp. 4 (Fig. 4) involved 6 mildly diabetic 
rats which were observed during a control 
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period of 14 days, injected with progesterone 
in daily doses of 50 mg for 7 days and 100 mg 
for 7 days, and observed during a final con- 
trol period of 14 days. These doses of pro- 
gesterone caused significant exacerbation of 
the glycosuria. 


Discussion. Very large doses of pro- 
gesterone are diabetogenic in the partially de- 
pancreatized, force-fed rat. The diabetogen- 
icity of this hormone is enhanced by 11-oxy- 
genation. The diabetogenic action of 11- 
ketoprogesterone is evident in the absence of 
the adrenal glands, thereby invalidating the 
hypothesis that it must be converted to an 
adrenal cortical hormone by the adrenal cor- 
tices before it is biologically active. 


Progesterone and 11-ketoprogesterone are 
each capable of causing partial atrophy of the 
adrenal glands. The hypothesis was consid- 
ered that it should be possible to cause some 
degree of adrenal cortical insufficiency by the 
administration of these compounds. Since 
_ there is a striking amelioration of diabetes in 
the adrenally insufficient rat we looked for 
signs of suppression of glycosuria in these ex- 
periments, There was a smal] decrease in the 
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level of glycosuria in some of the rats given 
2 to 16 mg daily of progesterone. This small 
change may or may not have represented sup- 
pression of adrenal cortical function. There 
was no significant suppression of glycosuria 
by any dose of 11-ketoprogesterone. 

Summary. Partially depancreatized force- 
fed rats were injected with 1 to 100 mg per 
day of progesterone and 1 to 32 mg per day 
of 11-ketoprogesterone. Very large doses of 
progesterone caused exacerbation of the dia- 
betes and 11-ketoprogesterone was found to 
be significantly more potent in this respect. 
The diabetogenicity of 11-ketoprogesterone ° 
is manifest in either the presence or absence 
of the adrenal glands. 


i. Ingle, D. J., Endocrinology, 1942, v31, 419. 

2D , Diabetes, 1952, v1, 345. 

3. Reinecke, R. M., Ball, H. A., and Samuels, L. T., 
Proc. Soc. Exp. Bror. AND MeEp., 1939, v41, 44. 

4. Shaffer, P. A., and Williams, R. D., J. Biol. 
Chem., 1935, v111, 707. 
5. Peterson, D. H., Murray, H. C., Eppstein, 
S. H., Reineke, L. M., Weintraub, A., Meister, P. D., 
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Hematologic Studies on Dogs Receiving Low Doses of Total Body 


Irradiation.” 


FLORIAN J. RAGAZ AND HANS J. VAN BAAREN. 


(20134) 


(Introduced by D. M. Angevine.) 


From the Department of Pathology, University of Wisconsin Medical School, Madison. 


Most studies on the effect of either total or 
fractional body irradiation on the hemato- 
poietic system have been performed with the 
application of relatively large doses. The use 
of such doses produced a multiplicity of 
changes which probably obscured some of the 
more basic effects. Therefore, the alteration 
in the level of circulating granulocytes was not 
considered to be a satisfactory indicator of the 
cellular activity in the bone marrow. Accord- 
ingly, a detailed study of both bone marrow 
and peripheral blood cell patterns was made 
to ascertain the effect of low doses of total 


* This work was done under contract with the 
U. S. Atomic Energy Commission. 


body irradiation in both situations. 


Method and material. As experimental ani- 
mals, one- to 2-year-old thoroughbred cocker 
spaniels and beagle dogs, male and female, 
weighing from 7 to 11.3 kg were used. These 
animals were subjected to a total body irradia- 
tion of 100 roentgen, given either in single or 
divided doses. The allocation of the animals 
to the different groups is shown in Table I. 
Three cc of cephalic venous blood was drawn 
into an oxalated 5 cc syringe and transferred 
at once to a clean test tube. Red and white 
counting pipets were immediately loaded and 
counts made in a Neubauer counting chamber. 
Kingsley stained peripheral blood smears were 
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TABLE I. Allocation of Animals to Experimental Groups. 


No. and r/dose y—Factors aos AVL, 

typedog (group) Doses ky. ma. Filtration’ mm Cu r/min. 

8 cocker 10 10 175 5 None 0.24 12.5 

8 19 D5 4 9 ” ED ” ” 

8 ” 50 2° ” ”? ba! ” 2? 

4 ” 100 xk ? 29 ” Led ” 

4 beagle 100 1 if 25 mm Cu 0.83 6.7 
1.0 mm Al 

6 cocker Non-irradiated control group 5 


Avg distance from target 66 em. 


TABLE II. Normal Blood Counts for Cockers and Beagles. 


No. of Avg Rbe, Total Whe, —% neutrophiles—, 
Type of dog Dogs Counts mill./mm?  thous./mm* (seg.) (band) 
Beagle 28 36 5.5 13.8 52.0 5.7 
Cocker 69 5 5.8 15.6 52.0 7.4 


made and most differential counts made by 
2 or 3 persons; 200 to 300 cells were counted 
on each slide. In all irradiation groups blood 
was drawn 6 hours prior to exposure. Animals 
in the 10 and 25 r groups were bled 18 hours 
after each irradiation. Blood samples were 
obtained 6 and 18 hours after irradiation from 
the dogs in the 50 and 100 r groups. The 
control group was bled at the same hour at 
weekly intervals and was subjected for a 
period of 3 weeks to similar experimental pro- 
cedures as that of the other animals but with- 
out exposure to x-ray. Blood was drawn 18 
hours following such a procedure. From each 
group, except the control’and the 10 r groups, 
an average of 3 dogs was selected for pre- and 
post-irradiation bone marrow biopsies taken 
with a modified Turkel needle(1) from the 
6th, 7th or 8th ribs. Both control and treated 
marrows were obtained from the same animal. 
Pre-irradiation biopsies were taken approxi- 
mately one week prior to the initial irradia- 
tion. The post-irradiation biopsies were taken 
18 hours following completion of 100 r total 
body irradiation. This biopsy material was 
fixed with Zenker’s acetic acid solution, cut 
into sections of 5 mp thickness and stained 
according to the Kingsley method. 

Results. The normal levels for red blood 
cells, lymphocytes, segmented and band neu- 
trophiles were first determined in both cocker 
spaniels and beagles (Table II). The effect 
of irradiation on the peripheral blood pattern 
is given in Fig. 1-4. The counts in the control 


groups are given in Fig. 1. Line A represents 
the total white count; Line B the total neutro- 
phile count; Line C the lymphocytes, and 
Line D represents the band neutrophiles. This 
graph shows clearly the small variations oc- 
curring during different weeks. 

The behavior of the total white, neutrophile 
or lymphocyte count (Fig. 2) after irradiation 
with 100 r is similar to what has been pre- 
viously described. The 50 r group also pre- 
sented a leukopenic pattern very much like 
that seen in mice subjected to this dose(2). 
The 50 r dose appears to be the smallest dose 
which resulted in this form of sensitivity. The 
most significant findings were in the 10 and 
25 r group. The total and differential counts 
taken at weekly intervals have been plotted 
(Fig. 3). The solid lines in this graph con- 
nect the average of counts taken 6 hours prior 
to irradiation while the interrupted lines con- 
nect average of counts taken 18 hours follow- 
ing irradiation which was given at weekly in- 
tervals for 10 consecutive weeks. Line A 
shows the total white count which shows only 
slight variation. The total neutrophile count 
is indicated by Line B, which shows an eleva- 
tion during this period of irradiation. The 
lymphocytic count (Line C) remains fairly 
constant. The principal change (Line D) is 
the marked increase of the band neutrophiles 
in the peripheral blood. This shift to the left 
is more clearly demonstrated in Fig. 4, in 
which the band neutrophiles are plotted in the 
control group, in the 10 r group and the 25 r 


HEMATOLOGIC STUDIES WITH ToTaAL Bopy IRRADIATION 421 


W68C'S IN THOUSANDS PER CMM. 


77 2 3 4 5 é én? eo ee OS 10 
COUNT NUMBER - WEEKLY INTERVALS 


FIG. 1. Blood counts, control group. A. Total white counts. B. Total neutrophile counts. 
C. Total lymphocyte counts. D. Band neutrophile counts. 
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FIG. 2. Blood counts, 100 R group. A. Total white counts. B. Total neutrophile counts. 
C. Total lymphocyte counts. D. Band neutrophile counts. 


group. This graph shows a definite increase followed by a rapid drop to normal. This 
of band forms during the irradiation period same increase of band neutrophiles was ob- 
reaching its maximum in about 8 weeks and served in the bone marrow. A comparison 
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FIG. 3. Blood counts, 25 R group. A. Total white counts. B. Total neutrophile counts. 
C. Total lymphoeyte counts. D. Band neutrophile counts. 
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FIG. 4. Band neutrophile count. 
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FIG. 5. Bone marrow sections. 


between the pre- and post-irradiation marrows 
demonstrated an increase in the more mature 
granulocytes, band as well as segmented forms 
(3). Bone marrow specimens (Fig. 5) taken 
from 2 of the dogs before irradiation are com- 
pared with specimens taken 18 hours after 
completion of a total body irradiation of 100 r. 
The increase in band and segmented granulo- 
cytes in the marrow is very pronounced. This 
change was observed in all 6 animals on which 
bone marrow specimens were taken before and 
after irradiation. This increase in the bone 
marrow occurred at the same time that these 
cells were markedly increased in the periph- 
eral blood. 

Total leukocyte counts taken on the control 
group 18 hours following simulated irradiation 
showed a maximum deviation of 200 cells 
when compared with the counts taken 6 hours 
prior to this procedure. The total leukocyte 
counts for both groups during this interval 
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Sie a a ‘ 
A,B ‘(left top and bottom). Before irradiation. C, D BENE 
top and pottom). 18 hr after irradiation. 


ranged from 13,800 to 14,700 per cumm. This 
is within the limit of errors inherent in the 
method of leukocyte counting(4). It is un- 
likely, therefore, that the manipulation of the 
animals in this experiment influenced in any 
way the data found after exposure to x-ray. 

Neither single nor divided administration of 
this dose in total body irradiation produced 
any significant changes in the erythrocytes. 
The results of these counts are summarized 
in Table III. 

Discussion. Our experiments were designed 
to demonstrate changes in the hematopoietic 
system at low doses, both single and divided, 
of total body irradiation. In reviewing the 
literature, special attention was given to de- 
scriptions of early increase in band neutro- 
philes in the peripheral blood following irra- 
diation in relation to bone marrow activity (5). 
We felt that such a response could best be 
studied by parallel samplings of the bone 
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TABLE III. Red Cell Counts before and after 


Irradiation. 
Avg Rbe 
No.of No.of count in 
Period dogs counts mill./mm? 
Pre-irradiation 38 75 5.79 
Trradiation interval 32 157 5.87 
Post-irradiation 21 84 5.83 


marrow and peripheral blood. Our results 
showed that there was a qualitative and quan- 
titative variation in response to 100 r total 
body irradiation when given in single or 
divided doses. When 100 r was given in a 
single dose or in 2 doses of 50 r, the order of 
decreasing radiosensitivity of leukocytes in 
the circulation was lymphocytic to granulo- 
cytic. However, when 100 r total body ir- 
radiation was given in divided doses of 10 to 
25 r, this order was reversed. This increase 
of immature granulocytes in the peripheral 
blood occurred without evidence of any ac- 
companying leukopenia. The comparison of 
pre- and post-irradiation bone marrow biopsies 
showed an increase in band cell granulocytes 
after exposure in every instance. It is evident, 
as might be expected, that an increased matu- 
ration in the marrow occurs at the time of the 
elevation of immature band forms of granulo- 
cytes in the peripheral blood. Circulating 
blood may be valuable as an indicator of bone 
marrow activity following irradiation. 

In spite of different opinions in previous 
articles, we believe that the study of blood 
and bone marrow samples taken concurrently 
is an indispensable technic in studying results 
of irradiation. Experiments in which low 
dosages of total body irradiation are used offer 


possibilities for studying reactions of various 
components of the hematopoietic system 
which cannot be observed when large doses 
are employed. 


Summary and conclusions. 1. Data show- 
ing qualitative and quantitative differences in 


the peripheral blood and bone marrow of the 


dog following administration of single or 
divided doses of 100 r total body irradiation 
are presented. 2. The accepted pattern of 
leukocytic radiosensitivity (lymphocytic > 
granulocytic) is observed after administration 
of 100 r in one dose or in 2 doses of 50 r. 
3. Administration of 10 or 25 r per dose shows 
a reversal of this sensitivity apparent in the 
occurrence of an increased number of granulo- 
cytes in the blood and bone marrow in the 
absence of a lymphocytopenia. 4. The in- 
crease in band forms in the post-irradiation 
biopsy specimen indicates an increase in 
maturation in the bone marrow. 5. The study 
of the peripheral blood may be valuable as an 
indicator of bone marrow activity when only 
small doses of x-ray are used. 
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Cholic Acid: Adequate Stimulus for Hyperlipemia in Normal Fasting Rat.* 
(20135) whtee 


SANFORD O. BYERS AND MEYER FRIEDMAN. 
From the Harold Brunn Institute, Mount Zion Hospital, San Francisco, Calif. 


Recent communications from this labora- 
tory(1,2) have reported that experimental 
increase in the plasma content of cholic acid 
of the rat caused by either biliary obstruction 
or by intravenous injection of sodium cholate 
into normal fasting rats quickly leads to a 
hypercholesteremic state. Since cholesterol is 
only one of several lipids known to be in- 


creased in concentration in the plasma after 


obstruction of the bile duct(3,4), it was of 
interest to determine whether, and to what ex- 
tent, various plasma lipid fractions of the nor- 
mal intact rat changed after continuous intra- 
venous injection of sodium cholate. 


I. Methods. <A. Physiological. Normal, 
male, Long-Evans rats were employed in this 
study. Both the 17 experimental and 9 con- 
trol rats were operated upon under ether anes- 
thesia and the right kidney removed. The 
unilateral nephrectomy was done in order to 
retard the renal excretion of the injected 
cholate. Then one end of a flexible poly- 
ethylene cannula (diameter: 0.011 inch) was 
inserted into the inferior vena cava of each 
animal via a lumbar tributary. The other end 
of the cannula was attached to a previously de- 
scribed apparatus(2) which allowed the con- 
tinuous intravenous injection of 0.3 ml of fluid 
per hour. The abdominal incision then was 
closed and the rats were placed in individual 
Bollman cages(5). In this manner, the con- 
tinuous intravenous injection of sodium cho- 
late in Tyrode’s solution (equivalent to 75 mg 
of cholic acid per 1 cc) was given to the 
experimental rats for 24 hours at a rate 
equivalent to 23 mg of cholic acid per hour. 
The control rats received an equal volume of 
Tyrode’s solution. The rats were starved for 
12 hours before operation and also during the 
experiment. Blood samples taken before, and 
24 hours after, the beginning of the injection 


* Aided by grants from the Monterey Heart Assn., 
the American Heart Assn., and the U. S. Public 
Health Service. 


were analyzed for cholesterol, total lipid, phos- 
pholipid, neutral fat and cholic acid. 


B. Chemical. Cholesterol in plasma was 
determined according to the method of Saifer 
and Kammerer(6) modified as reported previ- 
ously(7). Phospholipid was determined ac- 
cording to the method of Fiske and SubbaRow 
(8) using the modifications of Stewart and 
Hendry(9). Plasma lipid phosphorus was 
converted to phospholipid by multiplying by 
the factor 25. Total plasma lipid was de- 
termined as described by Bragdon(10), and 
neutral fat was determined by difference. 
Plasma cholic acid (bile acids) was deter- 
mined by absorption spectrophotometry, as 
reported in the modification by Wilken(11) 
of the bile acid method of Minibeck(12). 

II. Results. The data are presented in 
Table I. It can be seen that, in the experi- 
mental group, each of the plasma lipids ap- 
proximately doubled in concentration during 
the 24 hours in which sodium cholate was ad- 
ministered. In this sense, the hypercholester- 
emic effect of cholic acid is not a specific one, 
but produces a general and comparable in- 
crease in all plasma lipids. 

III. Discussion. The data show that, under 
the influence of cholate, the animals become 
not only hypercholesteremic but also hyper- 
lipemic without any significant change in the 
ratio of cholesterol to phospholipid in the 
plasma. In normal humans(4) the ratio of 
cholesterol to lipid phosphorus is constant 
despite normal variations in the concentrations 
of lipid fractions. At pathological levels of 
cholesterol, this ratio increases rapidly. It 
seems probable, therefore, that the cholate 
administered did not derange the lipid me- 
tabolism of the rat to such an extent that 
normal lipid interrelationships could no longer 
be maintained. 

The parallel increase in each lipid class is 
consistent with a change in the binding proper- 
ties of the plasma proteins for lipids, brought 
about by the injection of cholate. The result- 
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TABLE I. Cholate Induced Lipemia. 


Total Total cho- Phospho- 
No. of lipid, lesterol, lipid, Neut. fat, Cholate, 
rats Avg wt, g mg/100ce mg/100ce mg/100ce mg/100ce mg/100 ce 
Before inj. of cholate 

A. Rats to be given cholate 

17 247 175 49 47 79 2:1 
Range: 211-302 100-276 37-60 13-90 14-164 1.8-2.2 
S.H. mean 16 2 7 16 0.03 
B. Control rats 

9 239 145 45 _ — — 
Range: 213-263 114-228 33-65 
S.E. mean 12 4 
24 hr after inj. of cholate 

A. Rats given cholate 

ily 247 353 106 108 142 19 
Range: 211-302 214-650 78-151 34-286 25-285 7-35 
S.E. mean 28 5 20 27 3 
B. Control rats 

9 239 154 62 —- — oo 
Range: 213-263 124-210 54-72 
S.E. mean 9 3 
ing lipemia is not specific for one type of 2. , Proc. Soc. Exp. Brot. AND Mep., 1951, 
v78, 528. 


lipid, as might be the case if a specific chemi- 
cal bond were established, but is indiscrimin- 
ate, suggesting a nonspecific form of lipid 
adsorption. Such an alteration of the lipo- 
proteins of blood so that they are capable of 
carrying and retaining more lipids has been 
offered as a hypothesis to explain the hyper- 
cholesteremic effect of both Triton WR 1339 
(13), and of cholic acid(14). 


IV. Summary. Experimental hyperlipemia 
was produced by intravenous injection of 
sodium cholate into normal fasting rats. The 
lipemia resulted from a comparable percentage 
increase in the concentration of each plasma 
lipid fraction, and not from preferential in- 
crease of any one particular plasma lipid. 


The authors would like to acknowledge the very 
valuable assistance of Barbara Gunning, James Fergu- 
son, Eichi Shibata, and Malcolm Smith. 
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(Introduced by Karl Habel.) 


From the National Institutes of Health, National Microbiological Institute, Laboratory of Infectious 
Diseases, Bethesda, Md. 


It is well established from the work of 
Germuth(1) and Bjorneboe(2) that, in the 
rabbit, the administration of cortisone is capa- 
ble of suppressing the production of antibody 
to crystalline protein and bacterial antigens. 
It is the purpose of this paper to extend these 
observations to the effect of cortisone on the 
development of antibody in the rabbit to a 
viral antigen. In order to relate such studies 
to previous experiments on the cortisone effect, 
rabbits were simultaneously immunized with 
mumps vaccine* and with crystallized bovine 
serum albumin (BSA).t Antibody to BSA 
was measured by the quantitative precipitin 
technic and antibody to mumps virus by 3 
different serologic tests. The data form, then, 
a comparative study of the antibody response 
’ to 2 different types of immunological stimulus, 
as measured by several different means, in 
normal and cortisone treated rabbits. 


Materials and methods. Immunization and 
cortisone schedules. Over a period of 2 
weeks, 12 male albino rabbits weighing ap- 
proximately 2 kg were given three 1 ml intra- 
muscular injections of mumps vaccine, spaced 
7 days apart. During this same period these 
rabbits were also given 7 intraperitoneal in- 
jections of alum-precipitated BSA for a total 
of 10 mg BSA. Beginning 3 days prior to 
the immunization period and _ continuing 
through and for 6 days afterwards, 6 of the 
12 animals were daily given 4 mg of cortisone 
(Cortone, Merck) intramuscularly. The cor- 
tisone treated animals remained in apparent 
good health and showed no appreciable weight 
loss. All rabbits were bled from the ear prior 
to and at 7, 14, 21, 42, and 46 days after the 
immunization period. Complement-fixation 
test. Lederle mumps vaccine was used as an- 
tigen. In the test 2 units of antigen were 
used, usually necessitating a 1:8 dilution of 
the vaccine. The test was carried out in a 


* Lederle. 
+ Armour. 


final volume of 1 ml made up of 0.2 ml each 
of antigen, complement and serum and 0.4 ml 
of sensitized sheep cells. The end point was 
taken as the serum dilution producing 3+ or 
greater fixation of complement after incuba- 
tion at 37°C for one hour and is expressed 
as the initial serum dilution. Antihemag- 
glutination test. The procedure used was that » 
reported by Robbins, Kilham, Levens, and 
Enders(3), except that incubation was for one 
hour at 37°C rather than overnight at 4°C. 
All sera used in the test were pretreated with 
cholera vibrio filtrate prepared as follows: 
a tryptose phosphate broth culture of the 
Inaba strain of V. comma was incubated at 
37°C for 16 hours. The broth was then 
passed through a Seitz filter and, if sterile, 
stored at 4°C until used. In the test, serum 
and filtrate were mixed 1:5, incubated at 37°C 
overnight, then incubated at 56°C and used 
immediately. Dilutions are expressed as the 
final serum dilution. Treatment with the 
cholera filtrate efficiently removed the non- 
specific mumps antihemagglutinin of rabbit 
serum without affecting the specific antibody 
titer. Virus neutralization. The Enders strain 
of mumps virus was cultivated in embryonated 
eggs and the allantoic fluid harvested, pooled 
and titered for egg infectivity. Neutralization 
tests were made with aliquots of this pooled 
fluid. The sera were inactivated at 56°C for 
30 minutes and serial 2-fold dilutions of serum 
incubated with approximately 1000 egg infec- 
tious doses of virus for one hour at 37°C. 
Each dilution was then inoculated into 8 or 
more embryonated eggs by the allantoic route. 
Egg infection was then determined by the 
presence of hemagglutinin and the egg protec- 
tive dose (EPDs; 9) was calculated by the 
method of Reed and Muench(4). BSA anti- 
body N. A quantitative precipitin curve was 
obtained on each serum by adding increasing 
quantities of BSA to 1 ml portions of the anti- 
serum, and collecting the precipitates after 48 
hours in the cold. The precipitates were 
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CorTISONE AND Mumps ANTIBODY 


TABLE I. BSA and Mumps Antibody in Control Rabbits. 


Pre-imm. 


Bleeding—days after last 
dose of antigens 


Rabbit — . 
No. bleeding 7 14 21 42 
BSA Ab : — 165 248 155 
7 J HI <20 320 160 80 80 
Mumps Ab CF ac 16 16 <4 <4 
| Ne ao) 20 DR erm een) — 
BSA Ab ig ~- 91 121 76 
8 4 feeesull <20 32 160 80 80 
Mumps Ab ay oy tO ac 16 TGit 6 <a <4 
[ wie < 5 12 13s taal) — 
{ BSA Ab 2 — 202 218 147 — 
9 4 fitop IEE <20 640 640 320 160 
MumpsAb 4 CFE <4 32 16 4 <4 
[ | Ne <5 Baul) doe ped rhe 
BSA Ab * — 111 276 153 — 
10 | JEU <20 640 640 32.0 320 
Mumps Ab CF <4 32 16 8 4 
L Ne 5) 40 aif ala: —_ 
BSA Ab is —_ 226 397 304 a 
i | { HI <20 640 320 160 160 
Mumps Ab CF eh (2 32 16 4 <4 
| Ne <5 32 Oe el) — 
{ BSA Ab 9 — 204 265 193 — 
12 { (ELE <20 640 320 160 160 
| Mumps Ab CF <4 32 16 4 <4 
[ Ne <50) 30 tenet) — 
BS AbN 


ml antiserum 


HI — antihemageglutinin titer; CF = complement fixation titer; 


ace = anticomplementary. 


washed twice with cold saline and the N then 
‘determined ‘by a micro-Kjeldahl procedure. 
The supernates were analyzed for antigen and 
antibody. 

Results. The cortisone-treated animals had 
much lower levels of circulating anti-BSA than 
did the controls (Tables I and II). At the 
7-day interval the cortisone rabbits had only 
about 25% of the antibody in the controls. 
In further agreement with the work of Ger- 
muth(1) were the results of an Arthus re- 
action done on all animals on the 7th post- 
immunization day, prior to bleeding. Injec- 
tion of 1 mg of BSA intracutaneously resulted 
in much larger reactions in the control than in 
the cortisone treated group. 

The mumps antibody shows a somewhat 
different picture. The control series showed 
that all the animals responded to the mumps 
vaccine in a fairly uniform manner, as meas- 
ured by any one of the 3 serologic tests used. 
Moreover, there was a good general correlation 


Ne = neutralization titer; 


of results obtained by the 3 methods so that 
rabbits showing the higher level of mumps 
antihemagglutinin also showed higher levels 
of complement-fixing and virus neutralizing 
antibody. The mumps antibody in the cor- 
tisone-treated animals showed levels which, 
on the average, were lower than those in the 
control group, but relatively not as low as the 
BSA antibody. Thus, the averages of mumps 
antibody measured by hemagglutination-inhi- 
bition ranged from 50 to 60% of the averages 
of the antibody levels in the controls. In con- 
sidering individual animals, rabbits 3 and 5 
had antibody levels very similar to those in 
the control group, yet the BSA antibody in 
these same rabbits was markedly suppressed. 
At 42 days after cessation of cortisone a 
booster dose of mumps vaccine (0.5 ml) was 
given and antihemagglutinin tests performed 
on the sera from all the animals 4 days later. 
All rabbits showed a rise of antibody to 320 
with the exception of rabbit 4, whose response 
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TABLE II. BSA and Mumps Antibody in Cortisone Treated Rabbits. 


Bleeding—days after last 
dose of antigens 


Rabbit Pre-imm. 

No. bleeding Uf 14 mal 42, 
; BSA Ab oe — 14 26 10 — 
al HI <20 80 80 40 40 
Mumps Ab CF < 4 4 <4, <4 <4 
Ne Ey <0 <p <p — 
{ BSA Ab * ch 51 52 32 = 
2 HI <20 80 80 80 80 
Mumps Ab CF <4 16 16 8 4 
Ne <a <<i) <5 <5 —_ 
BSA Ab zs — af ETE 64 — 
3 HI <20 640 640 320 80 
Mumps Ab CF me. 32 32 16 4 
Ne <i) Age 12 10 —- 
BSA Ab = — 68 37 12 — 
4 HI <20 80 40 40 20 
Mumps Ab CF < 4 4 4 4 4 
Ne <5 <5 <5 <5 = 
BSA Ab 7 — 31 46 22 — 
5 HI < 20 640 320 160 160 

Mumps Ab CF <4 32 16 8 
Ne Zen 19 17 12 — 
BSA Ab = = 6 9 0 — 
5 f HI <20 160 160 80 80 
Mumps Ab OF <4 ae 8 4 4 
| Ne <5 Abie abe aoe anes 


ml antiserum 


HI = antihemagglutinin titer; CF = complement fixation titer; Ne = neutralization titer; 


ae = anticomplementary. 


was 80. This indicates that all the animals, 
when not under the influence of cortisone, 
were capable of responding to mumps vaccine 
to about the same degree with the exception 
noted. Rabbit 4, then, was probably a “poor 
antibody producer.” This animal was in- 
cluded in the averages, but had it been omitted 
the mumps antibody averages would have been 
still closer to the control figures. 

Discussion. The data obtained in the pres- 
ent experiments confirm the observation that 
cortisone administered to rabbits suppresses 
the level of antibody produced to purified 
protein antigens (BSA) and extends this find- 
ing to include antibody to mumps virus vac- 
cine as measured by serologic methods. Under 
the experimental conditions herein employed, 
however, it is apparent that the suppression 
of mumps antibody was not as great as that of 
BSA antibody. The explanation for this is 
not clear from the present data. It may be 
that mumps virus is more antigenic than BSA, 
but this does not seem likely. Another pos- 


sible explanation may be the difference in 
sensitivity of the methods used for detecting 
antibody. Thus, the serologic methods can 
only measure variations of 2-fold or greater so 
that a 40 to 50% lower level of antibody 
might not be detected serologically but would 
be readily measured by the precipitin technic. 
However, we feel that the relative insensitivity 
of the serologic measurements do not account 
for the fact that the BSA antibody levels in all 
the cortisone-treated animals were suppressed 
to the same marked degree, yet 2 of these 
animals by 3 different (and repeated) sero- 
logic tests showed the same levels of mumps 
antibody as did the controls. Further studies 
with antigen-antibody systems to which both 
quantitative and serologic methods can be ap- 
plied may clarify this point and such experi- 
ments are now in progress. 

Summary. 1. Serial antibody studies were 
performed on normal and cortisone treated 
rabbits immunized with mumps virus and 
bovine serum albumin. 2. In rabbits, corti- 
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sone suppresses development of antibodies to 
mumps virus as measured serologically, al- 
though the suppression is to a relatively lesser 
extent than that for BSA antibody measured 
quantitatively. 
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RENAL FUNCTIONS DURING PRESSURE RESPIRATION 
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From the Departments of Pharmacology, Baylor College of Medicine, Houston, Texas, and 
University of Louisville School of Medicine, Louisville. 


Although the circulatory changes during 
respiration at pressures above atmospheric 
have been extensively studied, the effect of 
such a procedure on renal functions has not 
been investigated, except by Drury, Henry, 
and Goodman(1), who showed that marked 
reduction in urine volume and urea clearance 
resulted. 

Methods. Eight experiments have been 
done on dogs in barbiturate anesthesia, in 
which respiration at pressures from 9 to 31 
mm Hg above atmospheric was brought about 
by connecting the trachea with a large cham- 
ber through which air was passed at a rapid 
rate. Measurement of intratracheal pressure 
with a Hamilton manometer showed it to be 
close to the chamber pressure and essentially 
constant throughout the respiratory cycle. In 
7 of the experiments, 1 kidney was denervated 
by stripping all visible nerves from artery, 
vein, and ureter. In 3 experiments, the vagus 
nerves were cut, to avoid respiratory inhibitory 
reflexes which limited the height to which the 
pressure could be raised. This did not appear 
to alter the type of response. In 5 of the 
experiments, pressure pulses in the aorta were 
recorded and cardiac outputs calculated from 
them(2). In all experiments, priming doses 
and continuous infusions of creatinine, p- 
aminohippurate, and glucose were given. 
Blood plasma and urine were analyzed for 
these substances, and clearances and maxi- 
mum tubular transfer calculated. In most 
experiments, plasma and urine samples were 


analyzed for sodium and potassium by flame 
photometry, in some, urine chloride only was 
determined. Venous pressure was measured 
in some experiments. 


Results. The experiments may be divided 
into 2 groups, one in which the TMg fell, one 
in which it rose. For the first group, the 
values, in the innervated kidneys, at maximal 
change were, in % of control (average, with 
range) C.; 62 (33-85); (Goan 73. (43-100)8 
TMg 70 (50-94). In the second group, these 
were Cor 88 (63-115), Cyan 91 (76-103), TMg 
187 (111-193). As an example of group 1, 
it can be seen in Fig. 1 that on the application 
of the pressure, the fall in cardiac output is 
associated with a fall in arterial pressure, but 
this returns to normal with an increase in 
total peripheral resistance. While the kidney 
appears to take part in this reflex vasocon- 
striction, with parallel decreases in clearances 
and TM, its response does not develop maxi- 
mally until the third ten-minute period, by 
which time cardiac output and total peripheral 
resistance have returned essentially to normal. 
When respiration is returned to atmospheric 
pressure, there is a rise in cardiac output and 
a fall in total peripheral resistance, and renal 
functions return to normal, but as can be seen 
in the values for RF, that fraction which renal 
blood flow is of total blood flow, the kidney 
again only slowly takes part in the total 
change, This lag in response of the kidney 
was seen in the experiments cited above(1), 
and may resemble that seen in hemorrhage (3). 
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FIG. i. Male dog, 10.9 kg barbital sodium, 250 
mg/kg. TM,, glucose tubular maximum, mg/min. 
RPF, renal plasma flow from p-aminohippurate 
clearance, ml/min. GF, glomerular filtration rate 
from creatinine clearance, ml/min. UV, urine vol- 
ume, ml/min. UNa, urine sodium excretion, micro- 
equivalents/min. CO, cardiac output, liters/m*/min. 
AP,,, mean arterial pressure from planimetry of 
pulse curve. TPR, total peripheral resistance, AP, 
divided by CO, arbitrary units. RF, renal blood 
flow in % of OO. Solid lines are innervated kidney, 
dashed lines are denervated kidney. Time in min. 
Respiration of positive pressure during periods 4-7, 
tracheal pressure 14 mm Hg. 


Drury, et al., took into account a possible 
humoral mechanism for reducing urine vol- 
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ume, but this can scarcely be the case here. 
The fact that the denervated kidney does not 
take part in the phenomena just described 
indicates that they are nervous rather than 
humoral in origin. 

The marked reduction in sodium excretion, 
to 1% of the control rate, should be noted. 
The much smaller change in the denervated 
kidney may result from the increased venous. 
pressure, as has been shown to occur without 
change in filtration rate(4). Potassium excre- 
tion showed a fall also, but to 5% in the 
innervated, 60% in the denervated kidney. 

In the other type of response, as seen in | 
Table I, the general circulatory changes were 
similar, but falls in glomerular filtration, renal 
blood flow, and urine formation were small or 
absent, and TM values rose. In this experi- 
ment, at the end of the last clearance period 
Janus green was injected into the left ventricle 
and the kidneys removed 14 minute later, with 
following estimation of the number of active 
glomeruli(5). The proportion between the 2 
kidneys in glomerular count supports the TM 
aS a measurement of number of nephrons. 


It may be that in this type of experimental 
result, not all nephrons were active in the 
control state, but tended to become so during 
pressure respiration, thus preventing a reduc- 
tion in filtration and blood flow in the kidney 
as a whole, although these values were reduced 
in the individual nephron. Since these changes. 
occurred in both kidneys, they seem to be 
independent of the nerves, and may represent. 
some intrinsic mechanism of control. 


Summary. Dogs under barbiturate anes- 
thesia with one kidney acutely denervated and 
respiring air at greater than atmospheric pres- 
sure show two types of renal functional 
changes. In half the animals studied, a reduc- 
tion in glomerular filtration rate, renal plasma 
flow, maximal tubular transport of glucose, 
urine volume, and sodium excretion occurred 
in the intact kidney. No change in these func- 
tions occurred in the denervated kidney. In 
the rest of the animals, changes in glomerular 
filtration, renal plasma flow, and urine forma- 
tion were smaller, while the TmG increased. 
The renal functions of these animals appear 
to have been depressed during control observa- 
tions, perhaps due to trauma or deep anes- 
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TABLE I. 
Female dog, 19.5 kg pentobarbital Na 30 mg/kg. Right kidney denervated ; vagi cut. No. of glomeruli, 
left 231600, right 177900. UV urine volume, UCI urine chloride, Cer creatinine clearance, Cyan P-amino- 
hippurate clearance, TM, glucose tubular maximum, RR renal resistance, AP, divided by renal blood 
flow, AP,,, mean arterial pressure from planimetry of Hg manometer tracing. 


GANG UCI, Ce, Coan TM,, 

ml/min. wliq/min. ml/min. ml/min. mg/min. RR 
es , at c Z ; (a ay Ae 
Inn. Den. Inn. Den. Inn. Den. Inn. Den. Inn. Den. Inn. Den. MMHg Procedure 
Oe 6 60 43 27.9 14.2 182 129 48 40 34 8648 154 e* 

Sus ARS 50 25 26.9 12.4 204 124 45 35 Sat DEE 156 ¢ 

LON wiles: 59 15 24.9 10.6 198. 122 39 32 BY) 171 € 

AEN Sales} 67 16 25.8 10.6 188 120 50 39 Soa oo) 158 25 mm Het 
ete Lo 87 12 SO on aed 199 116 85 54 pS he as} 160 31 


* ¢ = control. + Pressure resp. 

thesia, but positive pressure respiration caused 
partial restoration. Since both kidneys par- 
ticipated, the mechanism must be independent 
of the renal nerves. 
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Prophylactic Penicillin in Anterior Ocular Transplantation Technic 


in Mice.*t 


1 JuLtan E. Warp.} 


(20138) 


(Introduced by C. A. Handley.) 


From the Department of Pathology, Baylor University College of Medicine, Houston, Texas. 


The animal anterior ocular chamber offers 
an unusual opportunity to study the behavior 
of transplanted tissue in that the progress 
of the graft may be easily observed, and sev- 
eral animals may be used in the same case, 
with sacrifice at different ages, microscopic 
studies, and retransfer. A vast field for clini- 
cal application of this technic was opened 
by Greene(1) when he grew human sarcomas 
and carcinomas in the anterior ocular cham- 
bers of foreign species. So as to obviate the 
ever present risk of extraneous infection, there 
is need to improve technics in dealing with 
such implanted tissue. Investigators rarely 


* Based in large part upon a thesis for Master of 
Science in Pathology. 

t Aided by U. S. Public Health Service Cancer 
Teaching Grant. 

+ Present address, Illinois Eye and Ear Infirmary, 
Chicago. 


report one hundred percent incidence of tissue 
revascularization in anterior chamber trans- 
plants. Although it is true that many prob- 
lems are involved, a major factor preventing 
successful transfer is infection, arising either 
from originally contaminated tissue or from 
contamination of the operative site at the 
time of transfer. Penetration of penicillin 
into the eyes of dogs(2) and rabbits(3) has 
been measured by several investigators. Pro- 
phylactic penicillin was used systemically 
(4) in the anterior chamber transplantation 
of ovarian tissue in rabbits, however, controls 
were not used. 

The purpose of this investigation is to evalu- 
ate the effectiveness of systemic penicillin in 
lowering the infection incidence in the anterior 
chamber technic of tissue grafting, utilizing 
the mouse eye. 

Materials and methods. Three hundred and 
eighty-five, white Swiss, C3H and hybrid 
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TABLE JI. Lung Tissue Transplants. 


Group Infected Non-infected 
A. Penicillin 66 31 
B. Untreated 62 33 


TABLE II. Corneo-scleral Incisions. 


Non-infected 


Group Infected 
C. Penicillin 42 53 
D. Untreated 45 53 


(C3H X. white Swiss) were used. The mice 
were kept in clean glass jars and fed mice 
food pellets and water ad libitum. The ani- 
mals were divided into 4 groups: Group a) 
received anterior chamber grafts with systemic 
penicillin; group b) received anterior chamber 
grafts without penicillin; group c) were pre- 
pared by making corneo-scleral incisions into 
the anterior chamber while penicillin was given 
systemically; and group d) received corneo- 
scleral incisions without penicillin. Corneo- 
scleral incisions were made in all animals with 
- a Deutschmann cataract knife. In the group 
with anterior chamber transplants, fragments 
of lung tissue from newborn to 6-day-old mice 
were used as graft material. This tissue was 
placed into a blunt, beveled, 20-gauge intra- 
venous needle and then injected into the an- 
terior ocular chambers of chloroformed mice, 
in the manner described by Greene(5). Strict 
asepsis was maintained in the technic. In 
those mice receiving antibiotic therapy, peni- 
cillin G was given in arbitrary amounts of 
5,000 units per day intraperitoneally for 3 
days beginning on the day of the transplanta- 
tion or incision of the eye. All of the eyes 
were enucleated eight days after the opera- 
tion, fixed in formalin, embedded in paraffin, 
cut at 7 », stained with hematoxylin and eosin 
and examined microscopically. 


Discussion. The inflammatory reactions 
within the histological sections of the mouse 
eyes varied from a limited, chronic, inflam- 
matory response about the incision area to a 
severe panophthalmitis; however, only the ab- 
sence of all inflammatory reaction was ac- 
cepted as evidence of lack of infection. Peni- 
cillin was ineffective in lowering the incidence 
of inflammation, both in the group of mice 
prepared only with incisions into the anterior 
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chamber and in the mice receiving transplants. 
Several explanations may be presented for 
the apparent failure of the penicillin. Pri- 
marily, the criteria for ‘‘non-infected” were 
quite rigid. It is conceivable that some degree 
of inflammatory response would be present 
even in the absence of infection. It should be 
stressed that the very size of the graft used in 
the mouse eye necessitates more manipulation 
than does the graft used in larger animals. It 
was assumed that the total therapeutic dose 
of penicillin was approximately 100 »/cc of 
aqueous humor, 7.e., 1000 u/g of recipient 
mouse). There was, however, a quantitative . 
degree of difference between the treated and 
untreated groups. Somewhat less severe in- 
flammatory response was present in the eyes 
of the mice receiving penicillin therapy. This 
may be an indication that there was some sup- 
pression of the infection by the penicillin. 
The incidence of vascularization of the lung 
transplants was not evaluated since serial sec- 
tions of the eyes would be necessary in order 
to visualize all of the graft tissue. Suffice to 
say that a number of grafts became revascular- 
ized, while others regressed. 


Summary. Of 192 mice with anterior cham- 
ber implants of newborn mouse lung, 97 were 
treated with systemic penicillin. An addi- 
tional 193 mice were prepared with corneo- 
scleral incisions into the anterior ocular cham- 
ber and 95 of this group received systemic 
penicillin. Beginning on the day of operation, 
penicillin was given in 5,000 unit doses over a 
3-day period. The eyes were enucleated after 
an interval of 8 days, and studied microscopi- 
cally. Seventy percent of mice receiving peni- 
cillin exhibited inflammation and/or infection 
in the transplanted eye, while 65% of the un- 
treated mice with transplants had inflamma- 
tory and/or an infectious response in the 
transplanted eye, the difference not being sta- 
tistically significant. We may conclude that 
prophylactic penicillin at the therapeutic levels 
utilized is of no value in reducing the inflam- 
matory response in the experimental anterior 
chamber technic of lung transplantation in 
the mouse eye. 
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Poliomyelitis Virus in Human Blood During’the “Minor Illness” and the 


Asymptomatic Infection.* 


(20139) 


Dorotuy M. HorstTMANN AND Rospert W. McCoLiuM. 


From the Section of Preventive Medicine, Yale University School of Medicine, New Haven, Conn. 


Viremia in human poliomyelitis has been 
reported previously from this laboratory, in 
one child out of 111 tested(1). The positive 
result was obtained with blood drawn from a 
9-year-old girl 6 hours after the onset of 
symptoms in an abortive attack of poliomye- 
litis. At the time, these results were consid- 
ered evidence that viremia is of rare occur- 
rence in the human disease, and probably not 
of importance in its pathogenesis. Subse- 
quently, it became known that antibodies are 
already present at the time of onset of CNS 
signs both in patients(2,3) and in primates 
orally infected in the laboratory(4,5). Thus 
our negative results had to be reinterpreted, 
for it is clear that if viremia occurs, it must 
do so early, either in the incubation period or 
minor tlness phase, and in 110 of our patients 
we had probably looked for it too late. The 
possibility of viremia in the experimental dis- 
ease had been recently restudied in laboratory 
primates, and 2 reports(6,7) indicate that the 
presence of virus in the blood is a regular 
feature after oral and other routes(8) of ad- 
ministration. In cynomolgus monkeys and in 
chimpanzees, viremia occurs as early as be- 
tween the 3rd and 8th days after its ingestion 
or cutaneous injection, and as long as a week 
before the appearance of paralysis. In rein- 
vestigating viremia in human poliomyelitis, 
therefore, efforts have been concentrated on 
obtaining specimens from contacts of cases, 
7.e., children who might be in the incubation 


* Aided by a grant from the National Foundation 
for Infantile Paralysis. 


period, and from children with the minor ill- 
ness syndrome in the midst of an epidemic. 
The present report deals with the findings in 
one infected family, in which 3 of the 4 chil- 
dren had minor illnesses during a poliomye- 
litis epidemic in their community. 

Procedure. Family epidemiology. The W. 
family resides in the small town of Burbank, 
Ohio, where an epidemic of poliomyelitis oc- 
curred during the summer of 1952(9). The 
family had had no known contact with a frank 
case of the disease, but beginning June 20, 21, 
and 22, the 3 older children aged 10, 4, and 3, 
developed mild, febrile illnesses, while the 
youngest, aged 2, remained well. Slight fever, 
anorexia, nausea and vomiting, headache, and 
sore throat, in various combinations were the 
complaints. The oldest child complained also 
of soreness of the calves of the legs. The 
father, aged 37, had noted a headache on 
June 19, but this had disappeared and there 
were no associated symptoms. The mother 
remained well throughout. All of the illnesses 
were compatible in their symptomatology 


t These specimens were collected by one of us 
(R.W.Mc.) in Wayne County, Ohio. Our thanks 
are due to Dr. E. E. Kleinschmidt, Health Commis- 
sioner of the Wayne & Medina General Health District 
and to Dr. Fred Wentworth, Chief of the Com- 
municable Disease Division, Ohio State Department 
of Health and their staffs, and to Mr. Edward Tulley, 
Chairman of the Summit County Chapter of the Na- 
tional Foundation for Infantile Paralysis, for their 
generous cooperation. We are also indebted to Mr. 
Claude Reed, Miss Ilah Kaufman, and Mrs. Berttina 
Orsborne, for assistance in the collection of specimens. 
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AGE HEADACHE 
FATHER - 37 — 


MOTHER - 27 


S.T., HEAD 
ANOREXIA Bu + 


BARBARA — 10 


VOM BL + 
LZ ae eee 
DAVID - 3 ee ee, ATS 
BL + 
R+ 
T+ 


ASYMPTOMATIC 
BESSIE - 2 


JUNE 52-16 Ae ea) 20 21 22: 23. 23 25 26 27 28 29 30 


FIG. 1. Diagram of a family outbreak of polio- 
myelitis in which 3 cases of the minor illness oc- 
eurred. Shaded areas indicate period of fever. 
S.T., sore throat; head., headache; vom., vomiting. 
+ refers to results of tests for virus in blood (Bl), 
rectal swabs (R), and throat swabs (T). 


with abortive poliomyelitis(10). They were 
of short duration, and none was followed by 
any sequellae. A schematic diagram of the 
illnesses appears in Fig. 1. Collection of 
specimens. On June 23, at the height of the 
family epidemic, throat swabs, rectal swabs 
and blood specimens were collected by one of 
us (R.W.Mc.) from the 4 children. Throat 
and rectal swabs were preserved in 50% sterile 
glycerine, and frozen on dry ice. The bloods 
were collected in ‘‘vacutainer” tubes contain- 
ing potassium oxalate, and were centrifuged 
for 10 minutes at 3000 rpm to layer the 
plasma and red cells before being frozen on 
dry ice. All materials were transported to 
New Haven in the frozen state, and kept 
frozen until tested. Testing of specimens. 
Both tissue culture tubes and rhesus monkeys 
(M. mulatta) were used in testing blood speci- 
mens, while tissue culture alone was employed 
for the testing of throat and rectal swabs. 
The roller tube method, with monkey testicu- 
lar tissue was used(11), except in a few tests 
in which monkey kidney tubes were employed. 
With the exception of one blood specimen 
(Bessie, aged 2), which was tested before and 
after ultracentrifugation at 30,000 rpm for one 
hour, the plasma and/or whole blood was in- 
oculated directly into a minimum of 4 tubes. 
If no degeneration occurred, the 8- and 12- 
day harvests of all 4 tubes were pooled and 
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a 2nd passage using 2-5 tubes was made before 
the test was considered negative. Several tests 
were carried out with each blood, returning 
each time to the original specimen. : For mon- 
key inoculation, 0.6 ml of plasma, or plasma 
and red cells mixed, was inoculated intracere- 
brally, 0.3 ml being directed into either side 
of the thalamus. The injection was repeated 
after 3-4 weeks, if the animal remained well. 
All monkeys showing any suggestive signs of 
poliomyelitis were sacrificed for histological 
examination. Jdentification of virus strains. 
Tissue culture neutralization tests(11) were 
carried out on all strains isolated. A series of 
tubes was set up with equal parts of the un- 
known virus harvested from a tissue culture 
passage, and Type 1, Type 2, and Type 3, 
hyperimmune monkey serum, diluted 1:5. A 
control tube contained virus and balanced salt 
solution in equal parts. The mixtures were 
incubated at room temperature for one hour 
before being inoculated into 2 tubes each. The 
test was read at 4 and 8 days, and complete 
inhibition of fibroblastic degeneration by 
serum of one type only was taken to indicate 
specific neutralization of the virus. 

Results. Poliomyelitis virus was isolated 
from the blood of all 4 of the children—from 
the asymptomatic youngest child, as well as 
from the 3 older ones who had symptoms. All 
4 also had virus in throat and rectal swabs. 
A summary of the results correlated with the 
clinical course, is indicated in Fig. 1, and the 
details of the virus isolations are given in 
Table I. All strains isolated proved to be 
Type 1 (Brunhilde). 

The amount of virus present in the positive 
blood specimens must. have been minimal for 
it was insufficient to produce poliomyelitis on 
direct intracerebral inoculation into rhesus 
monkeys. On first passage in testicular tissue 
roller tubes, the results were only suggestive, 
but on 2nd and 3rd passages, characteristic 
fibroblastic degeneration of increasing severity 
occurred. ‘Third tissue culture passage from 
2 of the specimens was inoculated into rhesus 
monkeys, and produced typical poliomyelitis, 
clinically and_ histologically. One blood 
specimen (from Bessie, aged 2) was positive 
in only one of 3 tests using testicular tubes; 
after ultracentrifugation it yielded a strongly 
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TABLE I. The Isolation of Type 1 Poliomyelitis, Virus from blood, throat and rectal swabs 


of 4 children in one family. 
DS — — — ——— ————EE 


— Tests for poliomyelitis virus ant 
Direct Tissue culture passage Monkey 
Specimens col- monkey moe. 3rd 
Age Dateonset lected 23/6/52 inoculation 1st 2nd 3rd T.C. passage 
B 10 20/6/52 Blood (pte 273 4/4 Dek ial 
0/2t 2/3 4/4 
Throat swab 2/2 27/2. 2/25 
Rectal swab 1/2 2/2 2/24 
WwW 4 22/6 Blood 0/2 0/4 0/2 . 
3/5 3/3 2/2 1/1 
1/3 1/2 
Throat swab 2/2 2/2 2/2t 
Rectal swab eye 2/2 2/24 
D 3 21/6 Blood 0/2 0/4 0/2 
0/4 0/3 
0/5 1/5 2/24 
3/10K 2/2tK 
Throat swab 4/4 2/25 
Rectal swab 2/2 2/2 rein 
Be 2 Blood 0/2 0/4 0/2 0/2 
0/4 0/4 
1/6 5/6 
9/10T§SK 2/2K 
Throat swab 2/2 272 O/2u 
Rectal swab 2/2 2/2 2/2% 
* Denominator, No. inoculated; numerator, No. positive. 
+ These animals received 0.3 cc intracerebrally once only. 
t Indicates specific neutralization by Type 1 antiserum. 
§ Specimen ultracentrifuged before being tested in kidney tissue tubes. 
K indicates kidney tissue roller tubes. 
positive result in kidney tissue tubes hypotheses(12-14) of rapid virus multiplica- 
(Table I). tion outside the CNS. Where this multiplica- 
Discussion. The isolation of poliomyelitis tion occurs, whether in neural or non-neural 


virus from the blood of an asymptomatic child 
and from 3 children with symptoms of the 
minor illness confirms our earlier observation 
from this laboratory of viremia in a child with 
abortive poliomyelitis. As with the earlier 
case(1) all of the children were excreting virus 
in the stools at the time it was found in the 
blood. Evidence is thus accumulating that 
viremia can occur in the human infection as 
it does in chimpanzees and cynomolgus mon- 
keys, and, as with the latter, it is mot asso- 
ciated with the clinical appearance of CNS 
signs, but occurs several days earlier, in asso- 
ciation with the minor illness, or in the 
asymptomatic infection, probably several days 
after exposure. Whether or not viremia can 
occur also in the incubation period of the 
single or double phase illness has not yet been 
demonstrated. In any event, the presence of 
viremia early in the course of human—as well 
as experimental infection—supports earlier 


elements, is not as yet certain. Bodian(15) 
believes that primary multiplication some- 
where in the intestinal mucosa, followed by 
discharge of virus into the blood stream, which 
carries it to the CNS, is the most likely se- 
quence of events. Faber et al.(16) on the other 
hand, are of the opinion that the source of cir- 
culating virus in orally infected cynomolgus 


monkeys is early multiplication in peripheral — 


ganglia; they discount the possibility of multi- 
plication or spread in non-neural tissues. The 
problem can only be resolved by demonstrat- 
ing directly the early presence or absence of 
virus in various neural and non-neural tissues 
after various routes of administration. 
Summary. Poliomyelitis virus has been 
isolated from the blood of 4 children in one 
family during a poliomyelitis epidemic in Ohio 
in 1952. Three of the children had charac- 
teristic clinical pictures of the minor illness or 
abortive poliomyelitis, and one was asympto- 
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matic. All were found to have virus in the 
throat and rectal swabs as well as in the blood. 
None went on to develop signs or symptoms of 
the major illness, either paralytic or non- 
paralytic. 
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Standards for Hepatic and Hematologic Tests in Monkeys: Observations 


During Experiments with Hepatitis and Mononucleosis.* 


(20140) 


ALFRED S. EvANs,t BricitreE K. EvANs, AND VIKTORIA STURTZ. 
(Introduced by C. V. Seastone.) 
From the Hepatitis Research Center, 98th General Hospital, U. S. Army, Munich, Germany. 


The paucity of available data on the values 
for liver function tests and blood counts in 
monkeys has suggested that publication of 
such information might be useful to other 
laboratories interested in investigating chemi- 
cal or infectious agents suspected or capable 
of producing hepatic damage in monkeys. 

The observations recorded in the present 
report were obtained during the course of un- 
successful attempts to transmit viral hepatitis 
and infectious mononucleosis to monkeys. It 
had been our hope that administration of 
adrenocorticotropic hormone (ACTH), corti- 
sone, or urethane might induce susceptibility 
to these diseases in a laboratory animal other- 
wise resistant. Under the conditions of these 
experiments, this did not occur. 


Materials and methods. Twenty normal 


* Representing work supported in part by the Virus 
and Rickettsial Disease Commission, Armed Forces 
Epidemiological Board, Office of the Surgeon General, 
U.S. Army. 

t Present address: Dept. of Preventive Medicine 
and Microbiology, University of Wisconsin. 


monkeys (16 rhesus and 4 cynomologous) 
were bled from the femoral vein prior to in- 
oculation and the following tests of liver func- 
tion carried out by standard methods; total 
and one minute serum bilirubin, thymol tur- - 
bidity, cephalin cholesterol flocculation, and 
alkaline phosphatase. Later in the study 
bromsulfalein dye retention (5 mg/kg) was 
determined 45 minutes after inoculation. 
Leucocyte counts were done in duplicate and 
differential counts were done by enumeration 
of 200 cells on Giemsa stained glass slides. 
Fourteen of these twenty monkeys were then 
inoculated with materials obtained from the 
patients in the active stage of characteristic 
viral hepatitis. Except for one sample of 
pooled plasma which had produced serum 
hepatitis in 10 or 20 human recipients(1),? 
it was not known whether SH or IH virus was 
represented. In addition to the hepatitis ma- 
terials, 8 of these monkeys received injections 
of cortisone, 3 received ACTH, and 1 was fed 


+ Appreciation is expressed to Dr. A. W. Wright, 
Albany, N. Y., for this material. 
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TABLE I. Results of Liver Function Tests and Blood Counts in 20 Normal Monkeys. 


No. of ; Result: — =, 
Name of test tests Unit Mean Range S.D. +258.D. 
Total serum bilirubin 25 mg % 10 .08-— .18 033 04—- 17 
1’ serum bilirubin 25 mg % .06 .03— .12 .007 04— 07 
Thymol turbidity 25 unit 93 .20— 2.00 40 14— 1.72 
Cephalin flocculation 25 48 hr 0 0 0 
Alkaline phosphatase 14 unit 17.46 8.2 —25.1 4.49 8.5 —26.5 
Leucocyte count 24 < 1000* 13.4 1.0 =20.7 3.36 6.7 —20.1 
Lymphocytes 24 % 63.0 31 -85 12.20 38.0 —87.0 
Neutrophiles 24 % 30.2 14.0 —67.0 12.50 10.0 —60.0 
Eosinophiles 24 % 7h 0 2 =s%0 1.88 0 — 5.46 


* No. of cells/mm‘. 
S.D. = Stand. dey. 


urethane in milk. Six other monkeys received 
materials by various routes obtained from pa- 
tients early in the course of infectious mono- 
nucleosis in conjunction with injections of 
ACTH. Following inoculation with these vari- 
ous materials, the monkeys were bled weekly 
or oftener, for liver function studies and blood 
counts over a period of 75 to 116 days in the 
hepatitis experiments and for approximately 
50 days in the infectious mononucleosis experi- 
ments. 

Results. Normal values. A statistical an- 
alysis’ of the values for liver function tests, 
leucocyte counts and differential blood counts 
in 20 normal monkeys prior to inoculation is 
shown in Table I. The highest total and one 
minute serum bilirubin values observed were 
0.18 and 0.12 mg % respectively. The thymol 
turbidity value never exceeded 2.0 units and 
the cephalin cholesterol flocculation test was 
consistently negative.. In contrast to these 
results, which are in a much lower range than 
is considered normal for man, the alkaline 
phosphatase was comparatively very high with 
an average value of 17.42 units. Later in the 
study the bromsulfalein dye excretion test was 
carried out 35 times in 14 monkeys. The aver- 
age BSP retention at 45 minutes was 1.58 mg 
% with a range from 0 to 2.5 mg %. During 
the course of the experiments described in the 
next section, 185 additional determinations of 
serum bilirubin, cephalin-cholesterol floccula- 
tion and thymol turbidity were made. Except 
for 3 slight increases in serum bilirubin and 
in thymol turbidity all results fell within the 


§ Appreciation is expressed to Major W. A. Haen- 
diges, 98th General Hospital, for the statistical an- 
alysis. 


+2S,.D. includes 95% of the observations. 


normal limits shown in Table I. Leucocyte 
counts in normal monkeys varied from 7700 
to 20000 per cubic mm with a mean of 13400 
per cubic mm and the differential counts 
showed similar variation with a range in lym- 
phocyte percentages from 31 to 85. Consider- 
able variation was encountered in blood counts 
of individual monkeys from day to day. 


Experiments with viral hepatitis and infec- 
tious mononucleosis. The design and results 
of experiments attempting the transmission of 
viral hepatitis to monkeys are summarized in 
Table II. In most instances cortisone, ACTH, 
or urethane was administered in conjunction 
with materials from patients with viral hepa- 
titis in the hope of altering host-virus relation- 
ships. The results of these studies were essen- 
tially negative; during a period of 75 to 141 
days no monkey became clinically ill, showed 
significant fever, or had more than slight and 
transient changes in liver function tests.|| 
Thus, as shown in Table II, monkeys RH 3 
and RH 28 both had increases in total serum 
bilirubin (TSB) to 0.22 mg %, one on the 
10th day after inoculation of pooled hepatitis 
sera, and the other 72 days after the initiation 
of a 5-day period of inoculation with liver 
suspension from a fatal case of hepatitis. Both 
of these monkeys also received cortisone. Mon- 
key 886 had rises in TSB to 0.28 and 0.32 
mg Y on the 25th and 53rd day respectively 
after the initiation of a series of repeated in- 
jections of liver suspension from 2 fatal cases 
of hepatitis. None of these 3 monkeys with 
slight increases in TSB had alterations in other 
liver function tests. Three other monkeys had 


|| Monkey 889 died on 205th day after inoculation 
of uncertain cause. 
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slight and isolated increases in thymol tur- 
bidity above 2.0 units, the highest being 3.25 
units. 


None of the 6 monkeys inoculated with ma- 
terials from patients with infectious mononu- 
cleosis in conjunction with ACTH adminis- 
tration developed clinical, hematological, or 
serological evidence of this disease and in none 
were alterations in liver function tests seen 
that exceeded the normal ‘limits shown in 
Table I. 


Discussion. This paper has reported unsuc- 
cessful attempts to transmit viral hepatitis to 
monkeys. Inocula consisted of sera, liver 
biopsy material or stool samples obtained from 
patients early in the course of viral hepatitis 
or of liver suspensions from fatal cases of this 
disease. These materials were given either 
alone or in conjunction with the administra- 
tion of ACTH, cortisone, or urethane. Liver 
function tests performed weekly over a period 
of 75 to 141 days remained within normal 
limits. It is conceivable but unlikely that the 
incubation period might be longer than this 
in monkeys. Similar unsuccessful attempts 
were made to transmit infectious mononucleo- 
sis to monkeys receiving simultaneous injec- 
tions of ACTH. The ability of adrenal hor- 
mones to increase the severity of certain in- 
fections in susceptible hosts is now well estab- 
lished as emphasized in a recent review(3), 
but in accord with the results of this paper 
it has been difficult to induce susceptibility 
to an infection with these hormones in a 
species naturally resistant. 


In conjunction with these experiments an 
analysis was made of the results of liver func- 
tion tests carried out in 20 normal monkeys 
prior to inoculation. With the exception of 
the alkaline phosphatase, all the results fell 
within a narrow range and the standard devia- 
tion was small. The reliability of these re- 
sults as standards for normal is further sup- 
ported by the fact that 182 of 185 additional 
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tests of liver function carried out in the course 
of the experiments described were also within 
this normal range. It should be emphasized 
that the mean value, as well as the range of 
values, for each of these liver tests in monkeys 
represents very low figures as compared to 
values for these tests in normal humans. For 
this reason, human standards must not be 
used to interpret liver function tests in mon- 
keys. This is particularly true of the total 
serum bilirubin in which the upper limit of 
normal in the monkey is only % of that of 
normal man. Thus an abnormal serum bili- 
rubin, elevated as much as 4 times above 
normal in a monkey might be overlooked if 
interpretation were based on human standards. 

An exception to these low values was found 
to be the alkaline phosphatase. Results for 
this test in normal monkeys were consistently 
higher than seen in normal man. This may 
depend on a more actively metabolizing osse- 
ous system rather than on liver function per se. 

Leucocyte counts and differential blood 
counts in normal monkeys were found to have 
great variation not only within the species but 
in individual monkeys. Similar findings have 
been reported by other investigators as sum- 
marized by Wintrobe(2). 

Summary. 1. The inoculation of materials 
from patients with viral hepatitis or infectious 
mononucleosis into monkeys either alone or in 
conjunction with adrenocorticotropic hormone, 
cortisone, or urethane failed to result in evi- 
dence of successful transmission of these 
diseases. 2. Normal values for liver function 
tests, leucocyte counts, and differential blood 
counts in monkeys are recorded. 


1. James, G., Korns, R. F., and Wright, A. W., 
J.A.M.A., 1950, v144, 228. 

2. Wintrobe, M. M., Clinical Hematology, Lea & 
Febiger, 1951, p. 999. 

3. Kass, E, H., and Finland, M., New England J. 
Med., 1951, v224, 464. 


Received February 5, 1953, PSEBM, 1953, v82. 
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C. D. Scumipt,t Erste Sata,t K. R. Brizzer, AND H. L. Bortson. 


From the Department of Pharmacology, University of Utah College of Medicine, 
Salt Lake City, Utah. 


Despite the wide use of dimenhydrinate 
(Dramamine) and diphenhydramine (Bena- 
dryl) as anti-emetics, almost nothing is known 
about their mechanism of action. In many 
experimental studies on the problem, apo- 
morphine has been used as the emetic stimulus. 
Wang and Borison(1) have found that apo- 
morphine does not act directly on the medul- 
lary vomiting center but through the closely 
situated chemoreceptor trigger zone. This 
introduces one more possibility for the site 
of the alleged protective action of Dramamine 
and Benadryl against drug-induced vomiting. 
Such a possibility is strengthened by the re- 
cent finding of Wang and Chinn(2) that de- 
struction of the chemoreceptor trigger zone in 
dogs prevents motion-induced vomiting. How- 
ever, before the intimate mechanism of action 
of these anti-emetic agents can be elucidated, 
it is necessary to delineate accurately their 
specific effects in apomorphine-induced emesis. 
Chen and Ensor(3) reported a significant re- 
duction in the severity but not in the inci- 
dence of apomorphine-induced vomiting in 
dogs pretreated with Dramamine or Benadryl. 
Similar results were subsequently published 
by Ducrot and Decourt(4). On the other 
hand, White and coworkers(5) reported com- 
plete protection with these drugs against apo- 
morphine-induced vomiting in dogs. In con- 
trast, Moser(6) failed to find any inhibition 
of vomiting induced in dogs by either sub- 
cutaneous apomorphine or oral copper sulfate. 
Similarly, Freese and associates(7) have re- 
ported no protection by Dramamine against 
morphine-induced emesis in dogs. (Presum- 


* This investigation was supported in part by a 
research grant (B-64) from the National Institute of 
Neurological Diseases and Blindness, and in part by 
a research grant (C-1568) from the National Insti- 
tutes of Health, Public Health Service. 

t Medical student, University of Utah; research 
conducted in partial fulfillment of requirements for 
course work in pharmacology. 


ably, the emetic action of morphine is identical 
with that of apomorphine.) Mitchell(8), in 
experiments on 3 cats, found that the emesis 
induced by subcutaneous apomorphine was 
prevented by Dramamine in 13 out of 15 
trials, whereas Benadryl afforded protection in 
only 2 out of 12 trials. 

The series of experiments reported herein 
was performed on dogs in which individual 
intravenous emetic threshold doses of apo- 
morphine were carefully determined so that 
each animal could serve as its own control 
for subsequent tests with Dramamine? and 
Benadryl.’ In addition we attempted to con- 
firm certain experiments, reported in the 
literature, which were interpreted as demon- 
strating that these agents afforded protection 
against apomorphine-induced emesis. 

Methods. Five dogs were tested to determine 
the minimal, individually effective i.v. dose of 
apomorphine which consistently evoked eme- 
sis. The appropriate dose of apomorphine 
HCl was given in approximately one ml of a 
freshly made aqueous solution of apomorphine, 
injected rapidly into the saphenous vein. Tests 
were performed never more often than every 
third day on any one animal. The dog was 
fed a ration of horsemeat a few minutes before 
the experiment and nothing short of the actual 
expulsion of vomitus was considered a positive 
reaction to the injected apomorphine. Ten 
g/kg apomorphine was used as the first dose; 
if this was effective, the dose was reduced to 
7.5 or 5 pg/kg. On the other hand, if emesis 
did not occur following the initial dose of 
apomorphine, it was increased to 20 ug/kg. 
The threshold emetic dose in each animal was 
determined on the basis of at least 3 succes- 
sive positive results. To test for anti-emetic 
activity of Benadryl and Dramamine, these 
agents were administered intravenously 15 
min prior to the threshold dose of apomor- 


t+ Dramamine was supplied by G. D. Searle & Co. 
§ Benadryl was supplied by Parke Davis & Co. 
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TABLE I. Determination of Emetic Threshold to I.V. Apomorphine in 5 Dogs. 
; .005 mg/kg ———. ——.0075 mg/kg———, ——-—.01mg/kg——_, —— .02 mg/kg —, 
Latent Latent Latent Latent 
period, period, period, period, 
min. sec, Paroxysms min. sec. Paroxysms min. sec. Paroxysms min. sec. Paroxysms 
= — 0 2 30 1 1 20 3 
— 0 1 40 3 
1 5 4 1 30 4 
i — 0 — 0 i 30 i! 
1 30 2 1 10 1 
1 20 1 
= 0 — 0 1 0 2 1 40 3 
— 0 1 30 if 
2 0 ul 1 30 L 
— 0 0 45 4 0 40 2 a 
0 45 3 
0 45 3 
2 0 1 50 1 1 25 3 a 
— 0 2 0 1 
1 15 1 
* Not tested. 
TABLE II. 


Effect of Dramamine and Benadryl on Apomorphine-Induced Emesis in 5 Standardized Dogs.* 


-——Latent period of vomiting induced by threshold dose of I.V. apomorphine—_, 


After I.V. Dramamine dose 


After I.V. Benadryl dose 


Threshold dose 


e arti a SaaS 
of apomor- Control, 2mg/kg, 5 mg/kg, 10 mg/kg, 1mg/kg, 2.5mg/kg, 
phine,mg/kg min. sec. min. sec, min, sec. min. sec. min. see. min. sec. 
02 1 30 1 20 1 50 t 1 30 0 40 
02 1 20 0 50 1 50 1 30 i 0 a 5 
02 1 35 a 20 a 10 t ol 30 a 35 
0075 0 45 0 35 1 0 1 15 t 
.0075 1 40 2 5 1 25 t 1 15 a 0 


* Same dogs and order as in Table I. 


phine. Additional experiments were performed 
on dogs and cats in the attempt to reproduce 
certain results, reported in the literature, ob- 
tained with the above-mentioned drugs. The 
methods described in these reports were dupli- 
cated as faithfully as possible. The specific 
technics employed are outlined in the appro- 
priate discussions below. 

Results. The results of the individually 
determined emetic thresholds for i.v. apo- 
morphine in dogs are shown in Table I. The 
average latent period of vomiting was 1.5 min. 
These animals were subsequently injected 
intravenously with Dramamine or Benadryl to 
detect any inhibition of the emetic response 
to the threshold dose of i.v. apomorphine (see 
Table II.) Doses of 2 and 5 mg/kg of i.v. 
Dramamine caused no detectable inhibition 


+t Not tested. 


of the vomiting response to apomorphine or 
increase in the latent period of emesis. Drama- 
mine itself produced vomiting, ataxia and 
excitation in doses of 10 mg/kg. Nevertheless, 
dogs treated with this high dose of Dramamine 
again vomited following the threshold dose of 
apomorphine. With doses of 1 and 2.5 mg/kg 
i.v. Benadryl, there was no apparent differ- 
ence in the incidence or the character of the 
apomorphine-induced emesis as compared with 
the controls. 

The experiment of White and coworkers 
(5), on the protective effect of Dramamine 
against apomorphine-induced emesis, was re- 
peated in 4 dogs. The control dog, untreated! 
with Dramamine, vomited 2 min after the 
subcutaneous injection of 30 mg/kg apo- 
morphine. Subsequently, the animal showed 
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TABLE IIT. Effect of Oral Dramamine and Benadryl on Latent Period of Vomiting Induced 
by Subcutaneous Apomorphine in Cats.*  - 


Apomorphine given 15 min. after 


Apomorphine given 60 min. after 


a. 
Benadryl, min. 


Dramamine, min. Benadryl, min. 


Apomorphine 
control,min. Dramamine, min. 
2 8 24 
7 5 18 
6 4 16 
Avg 5 6 19 


16 8 
30 17 
10 25 
15 7 
18 14 


* Dramamine and Benadryl: 75 mg, per os. 


hyperexcitability and continuous running, and 
it recovered only after several hours. The 
remaining 3 dogs received Dramamine, 2 mg/ 
kg in 40 ml of water by stomach tube, | to 1.5 
hours before the 30 mg/kg dose of apomor- 
phine. Following the apomorphine, they vom- 
ited and showed the above-mentioned toxic re- 
actions. No protective effect of Dramamine 
was demonstrated. We attempted to repro- 
duce the experiments of Mitchell(8) who re- 
ported that Dramamine caused a greater in- 
hibition of apomorphine-induced vomiting in 
cats than did Benadryl. The results obtained 
in 7 cats are shown in Table III. Apomor- 
phine, 65 mg in 2.5 ml of water, was given 
subcutaneously 15 min after the oral adminis- 
tration of 75 mg Dramamine or Benadryl in 
30 ml of water. The control untreated cats - 
vomited after an average latent period of 5 
min following the injection of apomorphine. 
Dramamine did not prevent emesis and there 
was no significant difference between the aver- 
age latent periods in the control and the 
Dramamine-treated cats. Benadryl likewise 
did not prevent the vomiting. However, Ben- 
adryl did prolong the average latent period of 
emesis approximately 4-fold over the control 
value. Because 15 min might have been in- 
sufficient for adequate absorption from the 
gastrointestinal tract, another series of experi- 
ments was performed in which one hour was 
permitted to elapse between the oral adminis- 
tration of Dramamine or Benadryl and the 
injection of subcutaneous apomorphine. In 
spite of this precaution, no prevention of 
emesis resulted. However, Dramamine pro- 
longed the latent period of emesis to approxi- 
mately the same extent as did Benadryl. To 
rule out the disturbing factor of the develop- 
ment of tolerance to apomorphine, reported by 


Apomorphine: 65 mg, s.¢. 


Mitchell(8), some of the experimental cats: 
were tested with apomorphine alone at the 
end of the investigation. These animals. | 
vomited after latent periods which approxi- 
mated their original control values. 

In order to determine the effects of the 
“anti-emetics’ on the vomiting initiated by 
a different type of emetic stimulus, cats treated. 
with i.v. Dramamine were tested with oral 
copper sulfate. It was first established that. 
the dose of 20 mg of copper sulfate in 25 ml 
of water was effective in eliciting emesis in 
all of 14 normal fasted cats. Dramamine, 5 
mg/kg, given intravenously 15 min prior to 
this oral dose of copper sulfate, failed to pre- 
vent vomiting in all of four cats tested. The 
average latent period of vomiting was 35 min, 
which compares favorably with control values. 

Discussion. The advantages of determining 
the intravenous threshold emetic dose of apo- 
morphine for each animal are as follows: 
Vomiting is elicited consistently with a re- 
producible latent period; development of toler- 
ance is avoided; a minimal stimulus is pro- 
vided; and the problem of sex difference in 
apomorphine susceptibility, claimed by Chen 
and Ensor(3) to occur with the subcutaneous. 
route, is circumvented. Despite the use of 
this sensitive emetic test, no inhibition of apo- 
morphine-induced emesis was obtained with 
either Dramamine or Benadryl. 

Two possible sites of an anti-emetic action 
of Dramamine and Benadryl are a) the medul- 
lary emetic chemoreceptor trigger zone in the 
area postrema(9) and b) the vomiting center 
in the lateral reticular formation of the medul- 
la. If the emetic effect of centrally-acting 
drugs, such as apomorphine and i.v. cardiac 
glycosides(10), is prevented by an anti-emetic 
agent without a concomitant reduction in re- 


444 


sponsivity to peripherally-acting emetics, such 
as oral copper sulfate(11), then the site of the 
anti-emetic action would be localized to the 
chemoreceptor trigger zone and/or its path- 
way to the emetic center. On the other hand, 
if both centrally- and _peripherally-acting 
emetics become inactive after anti-emetic 
therapy, then a direct inhibitory action on the 
emetic center itself would be a sufficient expla- 
nation for this effect, although receptor sites 
and afferent pathways might be blocked as 
well. Unfortunately, the lack of anti-emetic 
activity of Dramamine and Benadryl in the 
present series of experiments makes localiza- 
tion of their site(s) of action impossible. How- 
ever, if prolongation of the latent period of 
drug-induced vomiting can be considered to 
constitute a degree of protection, then some 
interpretation of the results becomes feasible. 
By the oral route Benadryl was found to be 
more effective than Dramamine in prolonging 
the latent period of vomiting in response to 
s.c. apomorphine in the cat, when 15 min were 
allowed for absorption from the gastroin- 
testinal tract, but the two drugs were equally 
effective in prolonging the latent period when 
one hour was allowed for absorption. With 
regard to the emetic response to oral copper 
sulfate, no increase in the latent period was 
evident after z7.v. Dramamine. On the basis 
of the above discussion, these findings would 
seem to imply that the anti-emetics studied 
may selectively depress the chemoreceptor 
trigger zone, but it must be re-emphasized that 
they merely prolonged the latent period with- 
out preventing the emetic response to apo- 
morphine. 


APOMORPHINE-INDUCED EMESIS 


Summary. 1. Neither Dramamine (2, 5 
and 10 mg/kg) nor Benadryl (1 and 2.5 mg/ 
kg) administered intravenously was effective 
in preventing the emetic responses to threshold 
doses of intravenous apomorphine or in pro- 
longing the latent periods of vomiting in 5 
standardized dogs. 2. Other experiments were 
performed in the attempt to verify the re- 
ported protection afforded by Dramamine and 
Benadryl against apomorphine-induced emesis 
in dogs and cats. Although the latent period 
of emesis was prolonged in one of the experi- 
ments on cats, these drugs did not prevent 
vomiting. 
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Hemorrhagic Diathesis Due to PTC (Plasma Thromboplastin Component) 


Deficiency.” 


(20142) 


Jessica H. LEwis AND JoHN H. FERGUSON. 
From the Department of Physiology, University of N. Carolina, Chapel Hill. 


Aggeler, White, Glendening, Page, Leake, 
and Bates(1) described for the first time a 
congenital hemorrhagic disease resembling 
hemophilia which they have called PTC 
(plasma thromboplastin component) defici- 
ency. This disease is similar to hemophilia 
in exhibiting a prolonged coagulation time and 
abnormal prothrombin consumption.  Pro- 
thrombin, proaccelerin (AcG or labile factor), 
proconvertin (pro-SPCA, factor 7, co-throm- 
boplastin of Mann), fibrinogen and platelets 
are described as normal. The clotting defect 
differs from hemophilia in that it can be cor- 
rected by the addition of hemophilic as well 
as normal plasma and by the plasma factor, 
PTC. At the time the above-cited paper was 
published, we were studying a patient with a 
' circulating anticoagulant. This patient (R.J.) 
resembled some of the described cases of 
hemophilia with circulating anticoagulants 
(2,3), in that he apparently suffered from a 
congenital hemorrhagic disease and had de- 
veloped the anticoagulant subsequent to trans- 
fusion. Studies on this patient, reported here, 
were made at a time when the anticoagulant 
had almost completely disappeared and show 
that his basic disease was PTC deficiency and 
not hemophilia. The characteristics of the 
anticoagulant will be described in a separate 
communication (4). 

In the last few months, we have had the 
opportunity to study 4 additional patients 
with prolonged coagulation times. Two of 
these, E.W. and Q.G., proved to have PTC 
deficiency and the others, W.B. and T.G., to 
have true hemophilia. These findings suggest 
that PTC deficiency may be a fairly common 
hemorrhagic disorder, previously unrecognized 
or confused with hemophilia. 

Methods. All blood samples were carefully 
collected by venipuncture into silicone syr- 


* This investigation was supported in part by a 
research grant from the Division of Research Grants 
of the National Institutes of Health, U. S. Public 
Health Service. 


inges and transferred to glass or silicone con- 
tainers as desired. Platelet “thromboplastin” 
was measured by preparing washed (8x) plate- 
let suspensions from normal and _ patients’ 
citrated plasmas and observing their ability to 
restore the coagulation of normal platelet poor 
plasma (centrifuged at 20,000 g for 90 min- 
utes). Coagulation time was measured by the » 
Lee-White method (5) at 37°C. Prothrombin 
consumption was performed by a modification 
of the method of Quick(6). Blood samples 
were oxalated (one-tenth volume of 0.1 M 
sodium oxalate) after standing at 37°C for 
one hour after clotting. One-tenth ml of 
serum obtained by centrifugation was added 
to 0.1 ml of BaSO, plasma plus 0.1 ml throm- 
boplastin (soluplastin, Schieffelin and Co., 
courtesy Dr. E. W. Blanchard). The clotting 
time was determined after addition of 0.1 ml 
0.04 M calcium chloride. Prothrombin con- 
centration was determined by the one-stage 
method of Quick(7), employing soluplastin, 
human brain thromboplastin or acetone dried 
dog brain obtained from a dog pretreated with 
dicumarol until only traces of prothrombin 
could be detected in his blood. The dog was 
anesthetized, exsanguinated and the brain was 
thoroughly perfused in situ before removal. 
Labile factor was assayed by mixing equal 
quantities of normal or patients’ BaSQO, 
plasmas with a standard aged plasma and 
comparing the reduction in “prothrombin 
time.’ Co-thromboplastin was assayed by the 
method of Mann(8). Two-stage prothrombin 
concentration tests were performed by the 
method of Ware and Seegers(9) modified to 
supply AcG. Fibrinogen was clotted by 
thrombin and determined gravimetrically. 
Anticoagulant titer was measured by a meth- 


od to be described in detail(4). Plasma 
antithrombin was determined by adding 
0.1 ml of thrombin (Parke, Davis and 


Co., courtesy Dr. E. A. Sharp) of various con- 
centrations (10 u, 5 u, 2.5 u, 1.25 u/ml), pre- 
pared in silicone tubes to prevent rapid de- 
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PTC DEFICIENCY 


TABLE I. Historical Data on 5 Patients. 
ee 


-——PTC deficiency. ;~—Hemophilia—, 
E.W. R.J. Q.G. W.B. Ge 
Age ; 4 16 40 20 40 
Sex d d g $ 
‘Race C Ww W WwW 
Age at onset of symptoms 1% 3 4 Infancy 6 
Symptoms: 
Epistaxis + 0 0 + + 
Hematoma _ a + —~ + 
Hemarthroses + + 0 + a= 
Hematuria = 0 ae Je ae 
Relative severity of bleeding tendency 4+ 4+ + 44 2+ 
Previous response to blood or plasma a an oo oe ao 
Family history ah Neg +. are ze 
Transmission fe) Or 2 , fe) 
Sex $ cs) re) $ 


* or affected ¢@. 


‘terioration, to 0.1 ml oxalated plasma and de- 
termining the clotting time; at least one 
normal plasma was used as a control. Anti- 
thromboplastin, immediate, was determined 
by measuring the prothrombin time, employ- 
ing dilutions of human brain thromboplastin 
and comparing these times to those of normal 
plasmas. Antithromboplastin, progressive, was 
determined by mixing silicone citrated plasma 
with an equal volume of a one to 20 dilution 
of human brain thromboplastin, incubating at 
37°C and measuring the clotting time ob- 
tained when 0.2 ml of this mixture was added 
to 0.1 ml of 0.02 M Cals, in silicone tubes, 
at intervals for 15 minutes. Simultaneous 
tests were performed on normal control 
plasmas. PTC was prepared as described by 
Aggeler et al., and was concentrated by dis- 
solving the dialyzed, lyophilized product in a 
volume equal to one-tenth of the original 
plasma volume. Tests showed that the PTC 
fraction contained no thrombin or SPCA(10). 
It did contain an insignificant trace of pro- 
thrombin. BaSO, plasma was prepared by 
mixing 100 mg of barium sulfate per ml of 
oxalated plasma for 10 minutes at room tem- 
perature and removing the barium sulfate by 
rapid centrifugation. This plasma would not 
clot on addition of thromboplastin and cal- 
cium. 

Results. Pertinent data from the histories 
of the 5 patients studied are presented in 
Table I. All the patients were male and 2 
of the patients with PTC deficiency were 
negroes. The type of hemorrhage, severity of 


disease, response to transfusion and familial 
transmission did not differentiate between the 
PTC and hemophilic groups. The incidence 
of hemorrhagic tendency in the families of 2 
of the PTC deficient patients is shown in 
Fig. 1. R.J.’s mother died shortly after his 
birth and.no adequate family history was 
obtained. 

Routine hemostatic studies showed no de- 
tectable difference between the PTC deficient 


EW. Sasa eT 2 
Rekha Tie esi 


co 6 @ eee: Fo Lag & 


popgaae [SEW {BS Uwl 
Q.6. 72 
so gs od 
WITH o og CC CoOG 


FIG. 1. Familial transmission in patients E.W. and 

Q.G. Open circle, no hemorrhagic history; half- 

closed circle, died in infancy; closed circle, hem- 

orrhagie tendency; open square indicates patient 
studied. 
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TABLE II. Coagulation Studies. 


Test 7——— PTC deficient———_,_ —_Hemophiliae— Normal 
R.J. Q.G. W.B. MGs range 
Clotting time: 
Glass 2-8 hr >8 hr 24 min. 90 min. 24 min. 6-12 min. 
Silicone >8 hr >8 hr 78 min. >4hr 4hr 30-60 min. 
Clot retraction 4 3+ 4 
Clot lysis o 0 ee ae a ce 
Prothrombin consumption 10.6sec. 13.8 sec.* 13.2 sec. 12sec. 20.8 sec. >50 sec. 
Prothrombin time: — Sec. —~ 
Soluplastin—Patient 12.4 14.4 15.2 15.0 ies 
(Normal) (15.0) (15.6) (17.9) (15.0) (15.0) (15-18) 
Human brain—Patient 17.4 i N/e53 21.2 22.3 15583 
(Normal) (17.1) Gli7e3)) (17.5) (19.3) (17.4) (17-20) 
Dog brain—Patient 26.5 22.9 — — 32.2 
(Normal) (34.2) (25.9) — — (81.2) (25-35) 
2-stage prothrombin (u/ml) 300 276 280 — 280 260-300 
Labile factor assay 100% 100% a — — 100% 
Oo-Thromboplastin 100% 100% — —- —— 100% 
Fibrinogen (mg %) 230 440 320 380 360 250-500 
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zi Due to the very long coagulation time, the usual method of measuring prothrombin con- 
sumption was unsatisfactory. Samples of normal and patient’s blood were refrigerated 48 hr 
and residual prothrombin determined, Normal value was 26 sec. 


and the hemophilic patients. Bleeding times, 
tourniquet tests and platelet counts did not 
differ significantly from the normal range with 
the exception of one prolonged bleeding time 
observed in patient Q.G. Plasma antithrom- 
bin and antithromboplastin titers were normal, 
and no anticoagulant could be detected with 
the exception of a trace in R.J., the patient 
who had previously shown a high titer. Addi- 
tional clotting studies are shown in Table II. 
All patients showed normal clot retraction and 
their isolated platelets were able to restore the 
defect in platelet poor plasma. All patients 
showed prolonged coagulation times and ab- 
normal prothrombin consumption. The one- 
stage prothrombin times were within the nor- 
mal range even with the specially prepared dog 
brain thromboplastin. This finding suggested 
that prothrombin, proaccelerin, and procon- 
vertin were normal in these patients. To con- 
firm this we measured (a) the prothrombin 
by the 2-stage method, (b) the labile factor 
(proaccelerin, AcG) by observing the ability 
of normal and patients’ prothrombin free 
plasmas to restore the “prothrombin time” of 
aged plasma, and (c) co-thromboplastin which 
is thought to be the same as proconvertin or 
SPCA precursor(11). All results were within 
the normal range. On one occasion attempts 


were made to assay SPCA in E.W. and R.]J., 
but unfortunately the blood samples did not 
clot in 8 hours and tests made the following 
day showed only traces of SPCA activity. 
Normal serum incubated for a similar time at 
37°C, also showed only traces of SPCA 
activity. 

Many additional studies were done on these 
patients. Of particular interest are the 
plasma recalcification studies shown in Table 
III. Citrated plasma samples from all of the 
patients showed prolongations of their recal- 
cification times (normal range = 2-2% 
minutes). Clotting was markedly shortened 
in the plasmas of E.W., R.J., and Q.G. by 
addition of plasmas from W.B. and T.G., by 
normal plasma and by PTC factor. Clotting 
in patients W.B. and T.G. was shortened by 
addition of plasma from E.W., R.J., and Q.G., 
by normal plasma and by normal BaSO, 
plasma. These simple tests served to differen- 
tiate the 2 groups: the PTC deficient and the 
hemophilic. Normal plasma was able to re- 
store the clotting defect in both groups. It 
was possible to fractionate this normal plasma 
into (a) the PTC fraction, which restored the 
defect in PTC deficiency, but did not shorten 
significantly the recalcification time of the 
hemophilic group and (b) BaSO, plasma, 
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TABLE III. Plasma Mixture Recalcification Times. Citrated plasmas, previously frozen in 
silicone, from the 5 patients were recalcified in glass, after mixture with one-fifth part of the 
listed reagents. 


Dg 


eee 2 Sep deficient 


0.05 ml E.W. R.J. 


added reagent 


Aji Gn LOO 


Patient’s own plasma 8 

Saline 8 00 26. "00 

Plasma: 
E.W. — 26 00 
RJ. 17 30 — 
Q.G. GAw 0d Ome 580 
W.B. 3 LD Oise ley 
TG. 2 50 > S00 
Normal Bead fi ae 

BaSO, plasma 8 10 26 00 

PTC factor ab ANG By 


0.2 ml citrated plasma ~ 
— Hemophiliae——, 

Q.G. W.B. 1G. Normal 
Min. Sec. Min. Sec. Min. Sec. Min. Sec. Min. Sec. Min. Sec. 
6 30 18 50 10 10 2 15 
6 30 18 20 10 20) 2 10 
G00 Bid) 3 65) Py, TADS) 
1230 4 00 4 00 27 05 
— 3-) 50 Bipen vOLS) Bh nb: 
3 15 — 10 35 1 40 
Sie a cal By | Pex) — eo) 

ou ey) ee ol AU) =O 0) — 
Or Sal) 4 40 4 25 E85) 
i 5D 12 30 it 10 1 50 


* This figure suggests that R.J.’s plasma still coutains a trace of anticoagulant. 


which shortened the hemophilic clotting but 
not the PTC deficient. 

A number of PTC fractions, free from 
SPCA and thrombin, were prepared both from 
plasma and from serum. Freshly prepared 
serum fractions were usually more active than 
plasma fractions, but after prolonged dialysis 
and drying, the 2 types of PTC showed equal 
activity. 

Discussion. In considering the differential 
diagnosis of a hemorrhagic diathesis manifest- 
ing a prolongation of the whole blood coagula- 
tion time, the following possibilities must be 
considered: 1) hemophilia, 2) PTC deficiency, 
3) qualitative or quantitative platelet de- 
ficiency (the Lee-White coagulation time is 
occasionally prolonged in severe deficiencies) , 
4) hypoprothrombinemia, 5) hypoprocon- 
vertinemia (deficiency of co-thromboplastin 
or SPCA precursor), 6) hypoproaccelerinemia 
(parahemophilia, deficiency of labile factor or 
plasma AcGlobulin), 7) hypo- or afibrinogene- 
mia, and 8) circulating anticoagulant. The 
experimental data presented in Table II 
eliminate the last 6 possible diagnoses and 
suggest that the differential diagnosis lies be- 
tween hemophilia and PTC deficiency. As 
Aggeler et al. have shown, this differentiation 
may be made by studying the ability of BaSO, 
normal plasma and the plasma fraction, PTC, 
to restore the coagulation defect. The plasma 
mixture recalcification test (Table III) proved 
a simple method for obtaining this differen- 
tiation. 


The exact role of PTC in the coagulation 
mechanism has not been defined. Aggeler 
et al. chose the name PTC (plasma thrombo- 
plastin component) because tissue thrombo- 
plastin can substitute for or by-pass the role 
of PTC in clotting. 

Summary. Five patients suffering from 
hemorrhagic diatheses manifesting prolonga- 
tion of the whole blood coagulation time are 
presented. On the basis of the experimental 
evidence, 3 of these patients have been classi- 
fied as PTC deficient and 2 as hemophilic. 
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ARMAND J. QuICK AND Ciara V. Hussey. 
From the Department of Biochemistry, Marquette University Medical School, Milwaukee, Wis. 


It has been repeatedly observed that the 
blood of the newborn baby has a normal pro- 
thrombin time, provided the mother is sup- 
plied with vit. K before the baby is-born, but 
a prothrombin concentration of only about 
30% when measured by the two-stage method. 
Brinkhous, Smith and Warner(1) originally 
explained this discrepancy by postulating a 
compensatory acceleration of the conversion of 
prothrombin in newborn blood. More recent- 
ly this acceleration is being attributed to 
specific conversion factors(2). If this. expla- 
nation is valid, the plasma of a newborn baby 
should contain a relatively high concentration 
of the accelerator and a low amount of pro- 
thrombin, whereas normal adult blood should 
have 3 times more prothrombin and a cor- 
responding lower concentration of the acceler- 
ator. If the prothrombin time is dependent 
not only upon prothrombin, but also on the 
accelerator factor, one should expect that when 
adult and newborn baby plasmas are mixed 
in varying proportions a detectable change in 
prothrombin time should occur since the ratio 
of prothrombin to accelerator can be greatly 
varied. From the results recorded in Table I 
it is clear that in a series of mixtures ranging 
from a ratio of 9 parts of newborn to 1 part 
of adult plasma to a reverse ratio of 1 to 9, no 
demonstrable change in the prothrombin time 
was observed. 


To obtain further information concerning: 


the relative prothrombin activity of newborn 
plasma, the effect of storage in glass was in- 
vestigated. When normal adult plasma is 
stored at 4°C in glass, the prothrombin time 
which initially is 12 seconds becomes pro- 
longed due to loss of labile factor. On restor- 
ing the latter by adding deprothrombinized 
rabbit plasma which serves as a rich source, 


* Cord bloods were obtained through cooperation 
of the Department of Obstetrics, Milwaukee Hospital. 

t This investigation was supported by a grant 
from the Division of Research Grants, National Insti- 
tute of Health, USPHS. 


the prothrombin time becomes shortened to 
about 8 to 9 seconds. The prothrombin time 
of newborn plasma likewise becomes prolonged 
on storage, but restoration of the labile factor 
brings the prothrombin time only to 12 sec- 
onds. When ‘stored plasmas of the newborn 
and of the adult were mixed in varying pro- 
portions and deprothrombinized rabbit plasma 
added, the prothrombin times of the mixtures 
corresponded with the values expected on the 
basis of the prothrombin curve(3). 


It is experimentally established that a de- 
crease of either prothrombin or labile factor 
prolongs the prothrombin time. Since the con- 
centration of labile factor is approximately the 
same in newborn as in adult plasma(4), it is 
unlikely that the agent is the accelerator hypo- 
thesized to explain the observed normal pro- 
thrombin time. The present results furnish 
no support for an accelerator, and a search of 
the literature fails likewise to disclose any 
convincing evidence that such a compensating 
converting factor exists in. newborn blood. 
Such an agent was postulated to account for 
the seemingly paradoxical situation of a nor- 
mal prothrombin time with a prothrombin as 
measured by the 2-stage procedure of less than 
one-third of normal. By correlating the pres- 
ent results with the previous findings(4) that 
newborn blood has the same concentration of 
active prothrombin as adult blood, but con- 
tains little or no inactive prothrombin (pro- 
thrombinogen), which in adult blood consti- 
tutes the largest fraction of the total prothrom- 
bin, the discrepancy in findings between the 
one and two stage methods is readily explained 
without introducing hypothetical accelerator 
or conversion factors. 


Summary. When adult and newborn plas- 
mas were mixed in varying proportions, the 
prothrombin time which was 12 seconds for 
each plasma remained unaltered in the series 
of mixtures. This suggests that the prothrom- 
bin activity i.e., the concentration of active 
prothrombin, is the same in the plasma of the 
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TABLE I. The Effect of Mixing Plasmas of Newborn and Adult on Prothrombin Time. 
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Fresh cord plasma ce Lx. 09S 208 
SiS evohilie ae ce — .0O1 .02 

Prothrombin time* Se@,) 29 M2 el 

Stored cord plasma ee eee 09 
ierea dl ty rae CC 0 a ee 

Deprothrombinized rabbit ce — .02 .02 
plasma 

Prothrombin time* sec. 24 12 10% 


107.06 ~ 305. 7.045 08 10 2ee Odea r0 
203, ..04- 1055 20 Oss 0ee 0 Seiks 0 OlueaE 
Oy VO SVP De MO seal repels 
408 07 OG) Ode AOA Orie Uc, Oe eet 
02: 203 045 505" 206 0 e.0iri 0 Sem Ome meme 
02) 1027 02-202 2202) S02 Se OO Zee One 


10 9% 9 8% 8% 


* The method employed has been previously described(3). 
The mothers were supplied with vit. K (synkayvite) prepartally. 


newborn baby as in that of the adult. 
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Growth of Poliomyelitis Viruses in Large Stationary Cultures.* (20144) 


C. ARDEN MILLER. 


(Introduced by H. A. Wenner.) 


From the Department of Pediatrics and the Hixon Memorial Laboratory, University of Kansas 
School of Medicine. 


The first reported methods for propagating 
poliomyelitis viruses in tissue cultures utilized 
implants of the suspended cell type(1). Sub- 
sequently roller tubes in which the proliferat- 
ing fragments of tissue were imbedded in 
plasma clots were used(2). In addition to 
permitting direct microscopic visualization of 
cultures for cytopathogenic effect, this method 
had the advantage of giving an early growth of 
virus(3). Recent reports have indicated that 
these same advantages obtain if culture tubes 
are kept stationary instead of rotated(4,5). 

In this report are presented results obtained 
with the growth of poliomyelitis viruses in 
large stationary flask cultures. A simplified 
medium (Hanks-Simms) and fragments of 
monkey testes imbedded in plasma clots were 
used. The work was done in order to obtain 
large quantities of supernatant fluid of suffi- 
ciently high virus titer for complement-fixing 
antigen preparation according to the method 
of Svedmyr and Enders(6) without having to 


maintain many small culture units and without 
having to use special equipment for rotating 
large culture bottles. 5 

Materials and methods. Viruses. Brunhilde 
(type 1), Y-SK (type 2) and Saukettt (type 
3) strains of poliomyelitis viruses were used 
in titered pools of supernatant fluid from in- 
fected roller tube cultures of monkey testes. 
Each virus strain had been through at least 
three consecutive tissue culture passages, and 
was specifically neutralized by prototype anti- 
serums. Chicken plasma. Dehydrated chick- 
en plasma (Difco) was reconstituted and car- 
bonated in the manner reported by Melnick 
(7). Monkey testes. Testes from 3 to 5 
normal immature rhesus (M. mulatta) mon- 
keys were minced together and used for cul- 
tures on the same day they were obtained. 
Nutrient fluid. Two kinds of fluid were used. 
One referred to as “complete medium” con- 
tained Hanks and Simms solutions and ace- 
tone-extracted chick embryo extract(7). The 


* Aided by a grant from the National Foundation 
for Infantile Paralysis. 


t We are indebted to Dr. Jonas Salk for supplying 
us with the Saukett strain. 
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complete medium was used for all fluid 
changes in roller tube cultures and for fluid 
changes in flask cultures during the preinocu- 
lation growth phase. Another medium re- 
ferred to as “simplified medium” contained 
only Hanks and Simms solutions in ratio of 
3:1. The simplified medium was used for 
fluid changes in flask cultures at the time of 
virus inoculation and thereafter. All nutrient 
fluids contained 50 units of penicillin and 50 
vg of streptomycin per ml. 


Growth of virus. a) In 125 ml Erlenmeyer 
flasks. The necks of 125 ml Erlenmeyer flasks 
were bent so that the plane of the flask mouth 
was vertical in order to minimize the risk of 
air-borne contamination. The flasks were 
cleaned and sterilized according to described 
procedures(7) for tissue culture use. Recon- 
stituted chicken plasma, 0.25 ml, was spread 
by agitation over the bottom of each flask. 
A fine mince of monkey testes was distributed 
in the plasma film with a pipette until about 
10-i2 fragments of tissue were contained in 
each square centimeter on the bottom of the 
flask. The plasma was clotted with 0.2 ml 
of chick embryo extract. After half an hour 
10 ml of complete medium were added. The 
flasks were stoppered with gauze-covered cot- 
ton, sealed with parafilm? and incubated at 
35°C. Nutrient medium was changed every 


; Parafilm may be obtained from the Marathon 
Corporation, Menasha, Wis. 


FIG. 1. Culture in Roux flask illustrating the amount and distribution of tissue. 


3 days. Simplified medium was used for the 
second fluid change and for all subsequent 
ones. The virus to be tested for growth (100 
or 1000 roller tube infecting doses) was added 
with the second fluid change. All supernatant 
fluids after that were saved and stored at 
-70°C. The cultures were discontinued one 
month after the virus had been added. b) 
In Roux flasks. Roux culture bottles with a 
capacity of 1000 ml were cleaned and steril- 
ized. One ml of reconstituted plasma was 
spread by agitation over one side of the flask. 
A fine mince of monkey testes was distributed 
with a long pipette through the plasma film 
until there were about 8-12 fragments per 
square centimeter (Fig. 1). One ml of chick 
embryo extract was added to clot the plasma. 
After half an hour 75 ml of complete medium 
were added, the flask was stoppered with 
gauze-covered cotton, sealed with parafilm 
and incubated at 35°C. For the first fluid 
change complete medium was used. Simplified 
medium was used when the virus was intro- 
duced at the second fluid change and for all 
changes thereafter. After virus inoculation 
(750 roller tube infecting doses) all super- 
natant fluids were saved and stored at —70°C. 
Cultures were discontinued thirty days after 
virus inoculation. c) Jn roller tubes. Roller 
tube cultures were prepared in the manner 
reported by Melnick(7). Supernatant fluids 
were replaced with complete medium when the 
tubes were three and five days old. Virus was 
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added at the time of the second fluid change. natant fluids containing poliomyelitis virus 
Fluids were changed every three days there- were diluted serially in half logarithm incre- 
after. The supernatant fluids were obtained ments (serial 3.2 dilutions) with Hanks solu- 
and stored at —70°C. Later, virus growth tion. Each dilution was tested in 0.1 cc 
curves were determined. Titrations. Super- amounts in two 5-day-old roller tubes. The 
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FIG, 2, Cellular proliferation from an implant of monkey testis in Roux flask culture, 6 days 
old. Microscopic detail of culture was quite poor because of the two thick layers of irregular 
glass, through which light was transmitted. 


(a) (b) 

BIG. 3. (a) Cellular proliferation in a Roux flask culture at 12 days without virus inoculation. 

(b) Twelve-day-old Roux flask culture showing cytopathogenie effect after Brunhilde virus in- 
oculation 6 days previously. 
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GROWTH CURVES OF POLIOMYELITIS VIRUSES 
IN 125 ML. FLASKS WITH SIMPLIFIED MEDIUM 
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FIG. 4. Titers at zero days indicate virus concen- 
tration in flask fluids immediately after adding 
the virus inoculum. 


COMPARISON OF Y-SK VIRUS GROWTH CURVES 
IN ROUX FLASKS AND ROLLER TUBES 
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FIG. 5. Titers at zero days indicate virus concen- 


tration in flask fluids immediately after adding the 
virus inoculum. 


tubes were read for cytopathogenic effect 6 
days after inoculation (time of the second 
post-inoculation fluid change). The endpoint 
was taken as the greatest dilution which 
caused a cytopathogenic effect in both tubes. 
The dilution of virus that occurred in the 
roller tubes at the time of inoculation was not 
taken into account in figuring final titers. 
Results. Cultures in 125 cc Erlenmeyer 
flasks. Brunhilde, Y-SK and Saukett strains 
of poliomyelitis viruses were successfully pro- 
pagated. With each strain, supernatant fluids 
from two or more consecutive fluid changes 
yielded titers of 10° or more in roller tube 
titrations (Fig. 4). Titers above 10° were 
obtained in supernatant fluids from 5 to 7 
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consecutive fluid changes.. Maximum growth 
occurred between ‘the third and eighteenth 
days. The highest titers were obtained 9 or 
10 days after virus inoculation. 

Cultures in Roux flasks. At the time of virus 
inoculation, when cultures were 6 days old, 
outgrowth of new tissue (Fig. 2) was com- 
parable to that seen in roller tubes. Typical 
cytopathogenic effect occurred after virus in- 
oculation (Fig. 3). 

A growth curve was completed for Y-SK 
virus (Fig. 5). Virus titers greater than 10° 
were demonstrated for 4 consecutive super- 
natant fluid harvestings. Maximum growth 
occurred between the third and eighteenth 
days. The growth curve followed very closely 
that of the same virus strain in roller tubes 
with complete medium (Fig. 5). 

Growth curves for Brunhilde and Saukett 
strains were not determined in Roux flasks. 
These strains multiplied and caused a cyto- 
pathogenic effect in the Roux flask cultures. 


Discussion. The Erlenmeyer flask cultures 
were made as a pilot study for virus propaga- 
tion. They were used to prepare small stand- 
ard pools of virus. Their principal value was 
to indicate that stationary flask cultures might 
be used to prepare large amounts of fluid which 
contained virus in appreciably high titer. 
When the method was extended to the 1000 ml 
Roux flasks it was found that virus titers in 
supernatant fluids compared favorably with 
those obtained from roller tube cultures. In 
15 days a single Roux flask culture infected 
with Y-SK virus provided 300 ml of super- 
natant fluid with a virus titer beyond 10°. 
Comparable yields with roller tubes required 
75 cultures. 

The use of a simplified medium appeared to 
make little difference as far as virus yield was 
concerned. Growth curves of Y-SK virus in 
Erlenmeyer flask cultures were compared using 
complete versus simplified medium. The du- 
ration and degree of maximum growth were 
identical. The only difference occurred in the 
fourth week after virus inoculation when fluid 
from the flasks containing complete medium 
gave a virus titer one logarithm higher than 
fluids from flasks containing simplified medi- 
um(8). The difference in titer between roller 
tube and Roux flask fluids, which occurred 


454 


during the fourth week of virus growth, may 
be the effect of different mediums rather than 
different culture technics. 


Size of a culture unit did not appear to be 
a limiting factor in striving for large yields of 
virus. Cultures were successfully grown in 
six-liter rectangular culture bottles. These ex- 
tremely large flasks were abandoned in favor 
of the Roux flasks, which were more manage- 
able and not as prone to contamination with 
molds. 


Summary. Poliomyelitis viruses were propa- 
gated in large stationary tissue cultures of 
plasma imbedded monkey testes. Large vol- 
umes of supernatant fluids with high virus 
titers were achieved. The virus yield, as 
measured by titer and duration of maximum 
growth, was almost identical with that ob- 
tained in roller tubes, and greater than that 
reported for suspended cell flask cultures. The 
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method had another advantage in that equip- 
ment for rotating bottles was not required. 
Since the Roux flasks could be stacked one on 
top of another, a minimum of incubator space 
was required. 
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Electron Microscopic Examination of Inclusion Bodies of Herpes 


Simplex Virus. 


(20145) 


CouNCILMAN Morcan, Soton A. Exitison, Harry M. Rosz, AND DAN H. Moore. 


From the Departments of Microbiology, Medicine, and Anatomy, College of Physicians and 
Surgeons, Columbia University, and the Bellevue Hospital, New York. 


Despite extensive investigation(1) there is 
still doubt concerning the relation of herpes 
simplex virus to the intranuclear inclusion 
bodies which are characteristically seen in in- 
fected tissues. Recent studies with the light 
microscope of such inclusions stained by the 
Feulgen method suggest that they contain 
virus and do not represent solely an abnormal 
product of cellular metabolism(2,3). This 
paper reports preliminary observations made 
with the electron microscope of thin sections 
of cells infected with herpes simplex virus. 

Materials and methods. Chick embryo 
chorioallantoic membranes heavily infected 
with the HRE strain of herpes simplex virus 
(4) were ground with sterile sand in a mortar 
and suspended in nutrient broth containing 
penicillin and streptomycin. After centrifuga- 
tion to remove large tissue particles, the super- 


natant fluid was diluted to contain approxi- 
mately 300 ID59/ml. Two-tenths milliliter 
of this suspension was inoculated onto the 
chorioallantoic membranes of 11-day-old chick 
embryos. Following 48 to 72 hours incuba- 
tion at 35°C the membranes were removed 
and immediately fixed in 1% buffered osmium 
tetroxide, according to the method of Palade 
(5). Small pieces, showing pocks grossly, 
were excised from the fixed membrane, de- 
hydrated in ethyl alcohol, embedded in metha- 
crylate, and sectioned by the thermal expan- 
sion method. The sections were mounted on 
formvar screens and the methacrylate was re- 
moved by immersion in amyl acetate. After 
light shadowing with palladium the prepara- 
tions were examined in an RCA type EMU 
electron microscope. Adjacent portions of 
membrane prepared by routine methods and 
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GE Eee arg of an inclusion body containing numerous spherical particles. 
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Cytoplasm of host 


cell lies at the left. This and the following are negative prints. 19500. 


stained with hematoxylin and eosin showed 
numerous typical inclusions when viewed with 
the light microscope. 

Results. The nuclei of many ectodermal 
cells of the chorioallantoic membrane were 
found to be replaced by large oval or spherical 
bodies readily visible in the electron micro- 
scope. Although the size of these bodies 
varied according to the plane of transection, 
they resembled both in shape and in position 
within the cell the inclusion bodies seen in 
the light microscope. 

Fig. 1 shows part of an inclusion. Its bor- 
der runs from the upper left hand corner 
downward and across the bottom. The cyto- 


plasm of the cell is at the left margin of the 
picture. Distributed at random through the 
finely granular structure of the inclusion body 
are small, dense, sharply demarcated, spheri- 
cal particles of nearly uniform size. Although 
the particles are usually dispersed through the 
inclusion in this fashion, occasional closely 
packed clusters are seen. Fig. 2 shows the 
margin of such an inclusion at somewhat 
higher magnification. The cytoplasm of the 
cell occupies the lower left hand corner. 
Clusters of particles replace the wall of the 
inclusion at the upper left and are partly em- 
bedded within the wall at the lower right. 
Some ring or shell forms are present. A few 
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FIG. 2. 


The wall of an inclusion body containing clusters of particles. Cytoplasm is at the 


lower left corner. xX 22800. 


particles lie singly within the substance of 
the inclusion body. Sections examined before 
removal of the methacrylate showed inclusions 
containing similar particles. Most of the par- 
ticles measured between 120-125 my, although 
a few ranged from 100 to 130 mp. 

Within the inclusions so far examined the 
number .of particles has varied considerably. 
This is probably due in part to differences in 
thickness of the sections, but may also repre- 
sent stages in the development of the inclusion 
body. Larger particles similar in size to those 
described by Coriell e¢ al. (133-233 mp) (6), 
and Evans. and Melnick (200-220 myp)(7) 


/ 


have been seen within the cytoplasm and at 
the surface of infected cells. The manner in 
which the inclusion body becomes differen- 
tiated and the relation of the particles within 
the inclusion to the larger forms seen outside 
are being investigated. 


Summary. Intranuclear inclusion bodies 


were readily identified by the electron micro-. 


scope in thin sections of chorioallantoic mem- 
branes infected with herpes simplex virus. 
Such inclusions contained numerous particles 
of uniform density, shape and size presumed 
to be elementary bodies of the virus. The par- 
ticles observed within the inclusions were 
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smailer than other particles, also considered 
to be virus, seen in the cytoplasm and at the 
surface of cells. 


The technical assistance of Miss Annette Dietsch 
is gratefully acknowledged. 


1. van Rooyen, C. E., and Rhodes, A. J., Virus 
Diseases of Man, 2nd Ed., New York, 1948, Thomas 
Nelson and Sons, p. 184. 

2. Crouse, H: B., Coriell, L. L., Blank, H., and 
McNair Scott, T. F., J. Immunol., 1950, v65, 119. 


Pulmonary Tumors in Strain A Mice Exposed to Mustard Gas. 


W.E. HESTON. 


457 


3. Wollman, M., and Behar, A., J. Inf. Dis., 1952, 
v91, 63. 

4. Rose, H. M., and Molloy, E., J. Immunol., 
1947, v56, 287. 

5: Palade, G. E., J. Exp. Med., 1952, v95, 285. 

6. Coriell, L. L., Rake, G., Blank, H., and McNair 
Scott, T. F., J. Bact., 1950, v59, 61. 

7, Evans, A. S., and Melnick, J. L., Proc. Soc. 
Exp. Brot. anp MEp., 1949, v71, 283. 


Received February 16, 1953. .P.S.E.B.M., 1953, v82. 


(20146) 


(With the technical assistance of Wayne D. Levillain.) 


From the National Cancer Institute,* Bethesda, Md. 


Sulfur mustard and nitrogen mustards have 
been shown to be carcinogenic when injected 
into mice and rats. In tests in this labora- 
tory(1,2) both the nitrogen mustard, methy] 
bis (2-chloroethyl) amine hydrochloride and 
sulfur mustard, bis (2-chloroethyl) sulfide, 
when injected intravenously into strain A mice 
increased the incidence and average number of 
pulmonary tumors to an extent comparable 
with that Shimkin and McClelland(3) had 
observed from approximately the same amount 
of methylcholanthrene. Boyland and Horning 
(4) injected stock mice subcutaneously with 
the nitrogen mustards, methyl bis and methyl 
tris, and of 14 that survived 250 days, 10 had 
tumors of a variety of types, one of which was 
a spindle-cell sarcoma at the site of injection. 
In this laboratory(5) tumors including sar- 
comas that were probably fibrosarcomas, sar- 
comas that were neurogenic in origin, a rhab- 
domyosarcoma, papillomas, and a squamous- 
cell carcinoma were induced in mice of strains 
A, C3H, and C3H,; at the site of subcutaneous 
injection of sulfur mustard and of the nitro- 
gen mustard, methyl bis. Griffin e¢ al.(6) 
have reported a variety of tumors in both mice 
and rats injected with methyl bis and with 
methy] tris. 

From these results, particularly those in 


respect to the induction of pulmonary tumors, 
it seemed desirable to ascertain whether or not 
the fumes from any of these mustards would 
be carcinogenic. An experiment was, there- 
fore, set up to test the fumes of sulfur mus- 
tard, bis (2-chloroethyl) sulfide. 

Methods. Mice of strain A were used. 
This is a highly inbred strain that because of 
its high genetic susceptibility to pulmonary 
tumors has been used extensively for testing 
the carcinogenic action of chemicals particu- 
larly when injected intravenously. The in- 
cidence of spontaneous pulmonary tumors in 
the strain is approximately 90% in animals 
18 months of age and 50% in animals 12 
months of age(7). One hundred sixty indi- 
vidually identified strain A mice (80 males 
and 80 females) from 2 to 3 months of age 
were divided equally into control and experi- 
mental groups with littermates distributed 
among the 2 groups. Mice of the experimental 
group were placed in small individual cages 
of 5%” mesh wire and in lots of 8 were 
placed in an 8 liter desiccator. One hun- 
dredth cc sulfur mustard absorbed on a 
strip of filter paper to permit maximum 
evaporation was suspended in the desiccator 
which was immediately sealed. A small elec- 
tric fan in the bottom of the desiccator circu- 


* National Institutes of Health, U. S. Public Health 
Service, Federal Security Agency. 
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lated the air through the individual cages of 
mice during the exposure. Each lot was thus 
exposed for 15 minutes. Between lots the 
desiccator was thoroughly aired out and a new 
supply of sulfur mustard was suspended on a 
fresh filter paper. The control mice were like- 
wise placed in individual wire cages and in 
lots of 8 were placed for 15 minutes in a clean 
sealed 8-liter desiccator. The experimental 
and control mice were then placed under ob- 
servation in plastic cages with 8 mice to the 
cage and given an unlimited supply of Der- 
wood food pellets and tap water. Sixteen 
males and 16 females of the experimental 
group and an equal number of the controls 
‘were weighed at the time of exposure, each 
day afterwards for 2 weeks, and subsequently 
at weekly intervals. 

Results. The immediate response to the 
exposure to the mustard gas was a burning 
of the skin, particularly in the bare areas of 
the ears and nose and around the eyes. Fol- 
lowing the first day there was also a marked 
reduction of weight of the exposed animals for 
approximately 10 days (Fig. 1). The animals 
then began to gain weight reaching that of the 
controls at approximately 8 weeks after the 
exposure. Thirteen mice of the experimental 
group died from the immediate effects of the 
exposure or were found dead at a later time 
and were too autolyzed for satisfactory exam- 
ination. Three of the controls died during 
the course of observation and were eaten by 
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their cage mates or were also too autolyzed for 
satisfactory examination. 


Four months after the exposure sample lots 
of 30 experimental and 32 control mice were 
killed and examined for tumors. Nine of the 
experimental and 6 of the control animals had 
pulmonary tumors, but since the tumors of 
the exposed mice as well as those of the con- 
trols were small, it was decided to wait for a 
longer period of time before examining the 
rest of the animals. During the 5- to 10- 
month period animals were examined when 
they were found dead or were killed because 
they were moribund. At 11 months after the 
exposure all remaining animals of both groups 
were killed and examined. All tumors were 
fixed in Fekete’s modification of Tellye- 
sniczky’s fluid,+ sectioned and stained with 
hematoxylin and eosin for histologic examina- 
tion. The occurrence of pulmonary tumors in 
the experimental and control groups is re- 
corded in Table I. Since the 2 groups were 
comparable with respect to average age, inci- 
dences determined for the total of each group 
can be compared. Results of both sexes are 
combined since there was no sex difference. 
Of the 67 mice exposed to mustard gas 33 or 
49% had pulmonary tumors as compared with 
21 or 27% of the 77 control mice. This dif- 
ference is highly significant; X? = 7.386; 


¢ 70% ethyl alcohol, 20 parts; formalin, 2 parts; 
glacial acetic acid, 1 part. 
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TABLE I, Occurrence of Pulmonary Tumors in Strain A Mice Exposed to Mustard Gas. 
No. with tumors/No. examined. 


Months after exposure J of total Avg 

4 5 6 if 8 9 10 Ji withtumors age, mo 
Experimental y/-3 Oa Wy/ Meal rm 0/0) ee O)/ Are OO etn 2/4 20/29 49 7.5 
Control G/e 2a 0/2 Onna 0/2) O)/2anera/ Deed / Oe al On 27 7.5 


P <.01. Of the 33 of the experimental group 
with tumors, 24 had single nodules, 7 had 2 
nodules each, and 2 had 3 nodules each. All 
of the 21 controls with tumors had single 
nodules except for 3, each of which had 2 
nodules. The overall average of .66 nodule 
per mouse in the exposed group is significantly 
greater than the overall average of .31 nodule 
in the controls; ¢ = 3.06; P <.01. 

Other neoplasms observed in the exposed 
animals included 3 lymphocytic leukemias. 
Two of these occurred in males 4 months after 
the exposure and one in a male 10 months 
after the exposure. No leukemias were ob- 
served in the controls, but since leukemia oc- 
casionally occurs in strain A mice, one cannot 
_ be certain that these 3 were induced. One 
experimental female had a hemangioendo- 
thelioma of the external ear at 11 months after 
the exposure. The only tumor other than 
pulmonary tumors found in the control mice 
was a hepatoma occurring in a female 11 
months after the beginning of the experiment. 

One male and 4 females of the experimental 
group had primary amyloidosis and the re- 
sulting nephritis that have been shown to be 
inherited in Strain A and probably due to a 
recessive gene(8,9), but usually occurring at a 
later age. The male also showed extensive 
granulocytopoiesis in the liver. Six control 
males and 3 control females had amyloidosis 
and nephritis but some of these also had der- 
matitis and the amyloidosis may, there- 
fore, have been secondary. 

Discussion. It is impossible to make an 
accurate comparison between the carcinogenic 
potency of mustard gas as indicated in this 
experiment with that of other carcinogens as 
shown in other tests. In Hartwell’s(10) sur- 
vey of compounds which have been tested, it 
is noted that few of the well-known carcino- 
gens have been tested by inhalation. Camp- 
bell(11) reported somewhat higher incidences 
of pulmonary tumors in mice that had in- 


haled chimney soot, exhaust soot, cigarette 
smoke or road dust than was observed in 
control mice. There was no indication, how- 
ever, that genetically homogeneous mice were 
used, and, thus, it is impossible to estimate 
the significance of the differences observed. 
Seelig and Benignus(12) observed an 8% in- 
cidence of pulmonary tumors in mice of the » 
old Buffalo strain that had been subjected to 
an atmosphere of soot dust as contrasted with 
an incidence of 2% in the control mice. Later 
(13) they obtained no pulmonary tumors in 
genetically very resistant mice of strain 
C57BL that inhaled a 10% mixture of car- — 
cinogenic tar in lampblack. Rajewsky e# al. 
(14) reported 11 pulmonary tumors in 33 
white mice that had inhaled radon, but here 
also failure to use an inbred strain with a 
known incidence of pulmonary tumors pre- 
cludes an estimate of the significance of their 
results or a comparison between them and 
those reported herein. 

Pulmonary tumor response to many car- 
cinogens, including sulfur mustard, when in- 
jected in strain A mice have generally been 
much greater than that reported here. This, 
however, is probably due to difference in 
dosage. While in this experiment it was not 
possible to estimate the dosage accurately, in 
view of the fact that only .01 cc of the sulfur 
mustard was placed in the 8-liter desiccator 
and that not all of it evaporated, and since 
the mice were in the desiccator for only 15 
minutes, it must be assumed that the amount 
of sulfur mustard that came into contact with 
the lungs of each animal was extremely small. 

The pulmonary tumor response to mustard 
gas in this experiment approximates that re- 
ported by Lorenz et a/.(15) in strain A mice 
that received 2500 r gamma irradiation given 
at the rate of 8.8 r per 8 hours per day. 

Summary. Strain A mice exposed for 15 
minutes to vapors from .01 cc sulfur mustard 
in an 8-liter desiccator had a significantly 
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higher incidence of pulmonary tumors with a 
significantly higher average number of nodules 
than did their littermates kept as controls. 
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Age Changes in the Fine Structure of Anterior Pituitary of the Mouse.* 
(20147) 


Jutes WeIsst anp ALBERT I. LANSING. 
From the Department of Anatomy, Washington University School of Medicine, St. Louis, Mo. 


Morphologic changes which have been de- 
scribed in the cells of aging animals include 
loss of regularity of nuclear and cellular out- 
line(1-3); increased occurrence of cells with 
giant nuclei(4) and multiple nuclei(5,6); in- 
creased amounts of cytoplasmic pigments 
(1,7,8), and vacuolization of the cytoplasm 
(3). Recently Payne(9-11) has made ex- 
tensive observations on cellular changes in the 
anterior pituitary, adrenal, and thyroid glands 
of the aging cock. His most striking findings 
involved swelling and vacuolization of the 
mitochondria, in some cases so extensive that 
they destroyed the cell. Jayne(8) has cor- 
roborated this work in the adrenal and pituit- 
ary of the rat. 

To amplify the studies of Payne and others 
on the morphological changes in cell structure 
with age, a study of the anterior pituitary 
gland of the Swiss Albino mouse has been 
made, using the greater resolving power now 
available with the electron microscope. In 
addition to swelling and disruption of the 


* This investigation was supported by a research 
grant from the National Heart Institute, of the Na- 
tional Institutes of Health, Public Health Service. 
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mitochondria, irregularity of the nuclear out- 
line, a disruption of the fine structure of the 
endoplasmic reticulum, and loss of the highly 
organized appearance of the young cell have 
been observed. 


Materials and methods. Five Swiss albino 
mice 1-2 months of age were compared to 6 
old individuals ranging in age from 12 to 14 
months. The animals were killed by behead- 
ing and bleeding, and the pituitaries were dis- 
sected out within 5 minutes of the time of 
death. The procedures used for fixation and 
embedding closely followed those which had 
been outlined by Palade(12). The gland was 
fixed for 4 hours in 1% osmic acid in Ringer’s 
solution buffered with acetate veronal to a 
pH of 7.5. The material was then washed 3 
times in distilled water and dehydrated by 
successive passage through 50%, 70%, 95%, 
and absolute ethanol. The tissue was trans- 
ferred from absolute ethanol to a half and 
half mixture of absolute ethanol and metha- 
crylate, where it remained for an hour. The 
methacrylate solution was made up of thrée 
parts butyl methacrylate to one part methyl 
methacrylate. After three washings in 100% 
methacrylate solution, the tissue was trans- 
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FIG. 1. Electron micrograph of acidophil (A) and chromophobe (B) from the anterior 
id inclusion, 


Magnification approximately 6000 x. 
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ferred to methacrylate to which the catalyst, 
benzoyl benzoate, was added. Polymerization 
was begun at room temperature for 12 hours, 
followed by incubation at 47°C for 24 hours. 
This slow polymerization was found to de- 
crease the incidence of tissue explosion. Sec- 
tions were obtained by using the Minot micro- 
tome, modified as described by Dempsey and 
Lansing(13), and equipped with a glass knife. 
Sections were examined without removing the 
plastic in an RCA model EMU 2a electron 
microscope with a 40 p» aperture in the ob- 
jective lens and a centerable condenser aper- 
ture. The electron micrographs were taken 
at an original magnification of from one-to 
five-thousand times, and were enlarged photo- 
graphically thereafter as desired. 

Observations. Individual anterior pituitary 
cells as seen with the electron microscope con- 
tain a centrally placed ovoid nucleus. The 
nuclei are bounded by a membrane which in 
many sections appears to be doubled. The 
nucleoplasm is granular. Clumps of random- 
ly scattered dense material give the impres- 
sion of chromatin. A circumscribed dense 
nucleolus is sometimes seen. Embedded with- 
in the finely granular cytoplasm are three 
classes of formed elements: granules, mito- 
chondria, and a double-membraned system, 
which Porter(15) and Palade(12) have re- 
ferred to as the endoplasmic reticulum. The 
granules are circular in cross-section, homo- 
geneous, and vary considerably in density. 
They vary in diameter from 0.1 » to approxi- 
mately 0.5 yw. The distribution of granules 
throughout the cytoplasm in random, although 
there is a suggestion in some of the micrographs 
that in the neighborhood of capillaries or 
sinusoids the population of granules is greatest 
on that side of the cell nearest the circulation. 

In the young cells the mitochondria are 
much as described by Palade(14), being 
bounded by an outer membrane from which 
fine double-membraned septa extend inward 
(Fig. 3). The matrix is homogeneous and of 
varying density. The mitochondria range in 
diameter from approximately 0.2 » to 0.5 p, 
and often reach 2 » to 3 » in length. They 
appear in sections as round, ovoid or elongated 
bodies (Fig. 1 and 2). 

The third formed element within the cyto- 
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plasm is the double-membraned system which 
has been described by Porter(15), Palade 
(12), and Bernhard(16). This system, in 
section, consists of a double membrane of 
varying length usually connected at one end 
and sometimes at both (Fig. 3). It occurs at 
either an extreme pole of the cell or as a peri- 
nuclear cap or demilune (Fig. 1 and 2). Its 
long axis is usually parallel to the surface of 
the nucleus. The distance between the 2 com- 
ponents of the double-membraned system 
varies considerably along its length. At some 
points the membranes appear to be in contact 
whereas at other points they may be separated 
by as much as 0.4 up. 

In both young and old anterior pituitary 
glands there seem to be 3 general classes of 
cells. The first group contains cells the cyto- 
plasm of which is almost devoid of the pre- 
viously described granules and double-mem- 
braned system. These we consider to be the 
chromophobes (Fig. 1). In the second group 
are cells whose cytoplasm is packed with 
granules; the double-membraned system, al- 
though present, is not a conspicuous element. 
On the basis of the high content of relatively 
large and uniform granules we assume that 
these cells are the acidophiles (Fig. 1). Fin- 
ally, there are cells which typically contain 
few granules and large amounts of the double- 
membraned system. Because of the sparsity 
of granules and the large amount of endoplas- 
mic reticulum it appears that these cells are 
the basophiles (Fig. 2). The granules, where 
present in all 3 groups, do not differ in ap- 
pearance, nor does the double-membraned sys- 
tem differ from cell to cell. The number of 
mitochondria is about the same in cells of each 
class. 

The organelles of the cell which show mor- 
phologic changes with advanced age are the 
nucleus, the mitochondria and the double- 
membraned system (Fig. 4). The changes 
were present in all cell types. The nucleus. 
becomes irregular in outline, and the nuclear 
cortex is made conspicuous by a ring of elec- 
tron dense material. In some specimens the 
nuclear membrane is recognizable as a fine 
double membrane, similar to that seen in the 
young cell. 

The most striking age change is found in 
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FIG. 3. Electron micrograph at approximately 16000 X of one-month-old mouse anterior 
pituitary illustrating the architecture of the double-membraned system, mitochondria, and 
nucleus. 

FIG. 4, One-year-old mouse anterior pituitary at approximately 8000 X illustrating swelling 
of mitochondria, disruption of the double-membraned system, and increased density of the 
nuclear cortex. 
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the mitochondria. Most of the mitochondria 
in old cells have a diameter from 2 to 5 times 
greater than those of young cells. They ap- 
pear to be vacuolated, in that the mitochon- 
drial matrix is very much reduced in amount 
or changed in-kind as evidenced by low elec- 
tron density. The double-membraned septa, 
which in youth extend into the medulla of the 
mitochondrion are reduced to small, inward- 
directed, stumps. The peripheral membrane 
is still finely delineated, and at times appears 
double. Occasional normal mitochondria can 
be found, as well as numerous intergrades to 
the most swollen form. 

In young cells without exception the double- 
membraned system is highly organized as a 
perinuclear cap or as a condensation at one 
pole of the cell. This orderly localization is 
completely lacking in old cells, in which the 
double-membraned system may be found scat- 
tered throughout the cytoplasm in a more or 
less fragmented form. The membranes that 
make up the system are not well defined and 
are difficult to resolve. 

The effect of the irregularity of the nuclear 
outline, the swelling of the mitochondria, and 
the disruption of the double-membraned sys- 
tem is to produce cells which lack the orderly 
cytoplasmic architecture of the young cell. 

Discussion. Payne’s cytological analysis of 
the age changes in the mitochondria of the 
anterior pituitary, adrenal, and thyroid cells 
of the cock indicate that there is a progressive 
breakdown in the structure of mitochondria, 
involving a vacuolization and accumulation of 
pigment in these structures. Definite cyto- 
logical identification of mitochondria depends 
upon the im vivo uptake of janus green by 
these organelles. Tinctorial reactions such as 
the Altman(17) and the Bensley-Cowdry(18) 
procedures, although effective stains for mito- 
chondria, lack specificity. Under such cir- 
cumstances one might question the identity of 
structures presumed 'to be mitochondria which 
have undergone extensive structural changes. 
Indeed, in depending upon tinctorial reactions 
one might fail to recognize mitochondria 
which either do not stain in the conventional 
manner or else are too small to be readily 
visualized in the light microscope. 

The description by Palade(14) of a defini- 
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tive internal structure in mitochondria makes 
possible recognition of these structures 
through the use of the electron microscope. 
We have observed that the mitochondria in 
the anterior lobe of the mouse pituitary gland 
conform closely to the description of this or- 
ganelle by Palade. In addition we found a 
sizable variation in the diameter of mitochon- 
dria including some that were as small as one- 
tenth of a micron in cross-sectional diameter. 
Structures of this size probably would not be 
recognizable in the light microscope. 

In the cells of the anterior pituitary gland 
of old mice the mitochondria are very much 
enlarged and appear vacuolated. The mito- 
chondrial matrix material is reduced and the 
double membraned internal septa are com- 
pressed against the outer mitochondrial mem- 
brane. Despite these marked changes, enough 
of the internal structure remains in these mito- 
chondria to permit their identification. Al- 
though Payne’s description of age changes in 
the mitochondria of the cock anterior pituitary 
gland emphasized their occurrence in the baso- 
philes, our electron micrographs indicate that 
these changes appear in all of the 3 cell types. 

While structural observations with the elec- 
tron microscope do not justify functional in- 
terpretation, it is reasonable to assume that 
mitochondria, profoundly altered as they are 
in aging pituitaries, do not function in the 
same manner or as effectively as do young 
mitochondria. There is abundant evidence 
from many sources that respiratory enzymes 
(19-21), enzymes associated with the Krebs’ 
cycle(22,23), and enzymes associated with the 
oxidation of fatty acids(24,25) are at least in 
part contained within the mitochondria (see 
also the reviews of A. I. Dounce(26), and 
Blaschko and Jacobson(27).) There is also 
evidence that these enzyme systems are de- 
pendent upon proper spatial orientation for 
their function. In their recent review 
Blaschko and Jacobson state that the en- 
zyme’s “spatial arrangement in the cell must 
clearly be of great importance when the cata- 
lytic system is complex.’ They state that 
“attempts to separate the components of the 
dehydrogenase-cytochrome system (apart 
from the soluble component c) have been un- 
successful. The activity of the preparation 
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from heart muscle seems to depend on the 
way in which the single components are built 
into the framework of the insoluble tissue 
proteins.” 

It is quite possible that the architectural 
disruption of mitochondria in old pituitaries 
may result in impairment of their enzymatic 
activities and, in particular, in the respiratory 
activities of the cells involved. In this con- 
nection it should be recalled that various in- 
vestigators have noted alteration in cellular 
respiration in certain aged organs(28-30). It 
would be particularly desirable to determine 
simultaneously the anatomical and enzymatic 
changes with age in a single organ. 

We have noted that there is a consistent 
increase with age in the electron density of 
the cortex of the nucleus. It has not been 
feasible to determine the source of this added 
density; it may be that there is a shift in the 
distribution of chromatin towards the periph- 
ery of the nucleus, or that there is an accumu- 
lation of insoluble materials in this region. 
In this connection it may be recalled that 
‘calcium increases with age in both the cortex 
of the nucleus and .of the cytoplasm(31). 
There does not seem to be a significant age 
change in the fine structure of either the nu- 
clear membrane or cell membrane. 

In agreement with the observations of 
others we have found that the double-mem- 
braned system of normal cells is a highly 
oriented structural complex. According to 
Bernhard e¢ al.(16) the system as seen in the 
electron microscope is identical with the baso- 
philic component of cytoplasm or the chro- 
midial substance. The presumption is, then, 
that ribonucleoprotein is concentrated in the 
double-membraned system. We have recently 
determined (to be published separately) that 
exposure of pancreas to ribonuclease results in 
digestion of this system, a fact which confirms 
the expectation that ribonucleic acid is a sig- 
nificant component of this organelle. 

In the aged pituitaries the double-mem- 
braned system is no longer geometrically 
oriented, and indeed is markedly fragmented. 
One might expect that in such cells protein 
synthetic processes may not be carried out as 
effectively as in normal young cells. 

Summary. Electron micrographs of the an- 
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terior pituitary gland of the Swiss albino 
mouse reveal that the cytoplasm of chromo- 
phobes, acidophiles and basophiles contain 
granules, a double-membraned system and 
mitochondria in varying amounts. The nu- 
clear membrane appears to be double. With 
aging the nuclear membrane becomes irregular 
in outline, the nuclear cortex becomes dense, 
the mitochondria become enlarged and vacuo- 
lated, and the double-membraned system frag- 
ments. The implications of these observa- 
tions are discussed. 
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Influence of Pregnancy upon Hypertension Induced in Rats by Sodium 


Chloride and Desoxycorticosterone.* 


(20148) 
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San Francisco. 


Pregnancy in rats invariably causes a fall 
of blood pressure when hypertension has been 
previously induced by a partial constriction of 
the renal artery(1-3). This reduction of 
hypertension is manifest in the second half 
of pregnancy and is maximal just prior to 
delivery, following which the hypertension 
returns to the prepregnancy level. The same 
phenomenon has been observed in dogs(4-6) 
and in rabbits(2,7). We are not aware of any 
reports regarding the influence which preg- 
nancy might have upon other forms of experi- 
mental hypertension in the rat. Masson, 
Lewis, Corcoran, and Page(8), however, have 
stated that the administration of desoxycorti- 
costerone acetate (DCA) to pregnant rabbits 
results in paralysis or convulsions and hepatic 
necrosis with subcapsular hemorrhages. In- 
asmuch as several authors have implicated 
adrenal cortical-like hormones and sodium 
chloride in the etiology of human eclampsia 
(reviewed by Mastboom(9)), the interaction 
of pregnancy and sodium  chloride-DCA 
hypertension in the rat was studied. Although 
experimental results in rats are not directly 
applicable to women, especially because of the 
recognized differences in placental anatomy 


* This investigation was supported by research 
grants from the National Heart Institute of the 
National Institutes of Health, Public Health Services; 
and the Edwards Fund. We wish to acknowledge the 
valuable assistance of Jane O’Connell and Leonard 
Olson. 


and function and the absence of spontaneous 
toxemia in lower mammals, it was hoped that 
this study might determine whether there are 
differences between renal hypertension and 
sodium hypertension, or whether a syndrome 
resembling eclampsia might develop in “‘so- 
dium sensitized” animals. 


Methods. Adult female rats of the Long- 
Evans strain were unilaterally nephrectomized, 
and 60 or 70 mg of DCA in the form of discs or 
cylinders were implanted subcutaneously, in 
the manner described by Masson, Corcoran, 
and Page(10).t The animals were placed on 
a diet consisting of 3 parts of Purina fox chow 
and one part of casein supplemented with the 
known essential vitamins. One per cent so- 
dium chloride solution was supplied as drink- 
ing water with special traps to catch any spill. 
Systolic blood pressures were determined 2 or 
3 times a week, using the microphonic method 
described by Friedman and Freed(11). Fluid 
intake and urinary output, quantitative pro- 
teinuria and body weights were determined 
frequently. Since the estrus cycles became 
quite irregular under this regime, males were 
placed with the females overnight at arbitrary 
intervals rather than selecting the time on 
the basis of estrus. Examinations for sperm 


+t We are indebted to Dr. Ernst Oppenheimer of 
Ciba, Inc. for a liberal supply of DCA cylinders, 15 
mg each, and for DCA powder, from which Dr. G. 
M. C. Masson kindly prepared discs of 35 mg each. 
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FIG. 1. Percentage change in systolic blood pressure during pregnancy and the puerperium. 
The zero line represents the mean pressure during the month prior to conception. The dotted 
line connects the median values. 


plugs were made in the morning. After 
many weeks of failure to find sperm plugs, 
it was found necessary. to substitute tap 
water for the saline solution during the night 
of mating. If this were not done, the males 
became so preoccupied with drinking the salt 
water that they had either a lack of time or in- 
terest in the females. 

Results. In view of the fact that Burdick 
and Konanz(12) reported that DCA admin- 
istered from the time of copulation prevented 
implantation of fertilized ova in mice, it is of 
interest to note the pregnancy success rate in 
the rats. Of 34 females repeatedly placed 
with males, 14 delivered live litters success- 
fully. Of the remaining 20, only 2 showed 
definite sperm plugs without evidence of preg- 
nancy. One additional rat became pregnant 
but died on the 11th day of a ruptured aneu- 
rysm of the duodenal artery. Only a few of 
the mothers attempted to care for their litters, 
and of these only a portion of 2 litters sur- 
vived for more than 10 days. This suggests 
a deficiency of lactation, but the mothers were 
not sacrificed for histologic examination of the 
breasts. 

Blood pressure readings during successful 
pregnancies in 12 animals are shown in the 
scattergram (Fig. 1) as a percentage change 
over the prepregnancy level. Of these, 7 rats 
were hypertensive at the time of conception 
(systolic pressures between 150 and 170 mm 
Hg) and 5 had pressures only slightly ele- 
vated (112 to 126 mm Hg, as compared with 
the blood pressures of normal control pregnant 
rats which average 105 + S.D. 6 mm Hg). 
The dotted line connecting the median values 
for each 2-day interval during pregnancy and 


the puerperium indicates that pregnancy: ex- 
erted no influence whatever upon the level of 
blood pressure. The fact that the median line 
is slightly (from 2 to 14%) above the pre- 
pregnancy blood pressure level can be attrib- 
uted to the progressive nature of the induced 
hypertension. 

Fig. 2 portrays graphically the changes in 
urine volume and urinary protein excretion, 
using the averages for the entire group of 
animals. The differences in urine volumes 
from one period to another are not statisti- 
cally significant. The increases of urinary 
protein excretion during the second and third 
trimesters of pregnancy are statistically sig- 
nificant when compared to the antepartum ex- 
cretion, and the rates of excretion after de- 
livery are significantly higher than the pre- 
pregnancy rates. 

Since we did not know whether urine vol- 
umes or protein excretion changed during 
normal pregnancy in rats, 12 untreated ani- 
mals on stock diets and tap water were ob- 
served before, during and after pregnancies. 
The urinary output varied from 11 to 31 
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ml/24 hours, the urinary protein excretion 
from 4 to 7 mg/24 hours. None of the changes 
in the group averages was significant. 

Observations of body weight and clinical 
behavior during pregnancy failed to show any 
evidences of increased edema, muscular irrita- 
bility or other disturbance in the experimental 
group as compared to the control group. 

Discussion. The administration of DCA 
and sodium chloride to rats causes hyperten- 
sion, proteinuria, and a very high fluid intake 
and output. Superimposing the state of preg- 
nancy causes a significant increase of pro- 
teinuria in the latter part of gestation, but no 
change in the blood pressure or fluid balance. 
The DCA, in dosages large enough to cause 
hypertension, does not prevent conception, im- 
plantation or normal delivery in the rat. 

There are many claims that DCA-like hor- 
mones play a role in the causation of human 
eclampsia, and the present experiments shed 
no light on this question because of species 
differences. Suffice it to say that a syndrome 
resembling toxemia cannot be induced by 
pregnancy in the rat under the conditions em- 
ployed. If the degree of proteinuria parallels 
the extent of renal damage in DCA-treated 
rats, then pregnancy may accelerate this 
change. The residual increase of proteinuria 
during the month postpartum, however, may 
reflect the natural progression of DCA-sodium 
disease, since a steady increase of renal dam- 
age and protein excretion is characteristic of 
this syndrome. 

One of the chief points of interest centers 
about the differences between the effect of 
pregnancy upon this disease and that of in- 
duced renal hypertension. We concluded pre- 
viously that the remission of renal hyperten- 
sion brought about by late pregnancy could 
not be duplicated by exogenously administered 
hormones separately or variously combined 
(13). We also demonstrated that the lower- 
ing of blood pressure was due entirely to the 
placenta and not the fetus(14). The conclu- 
sion was reached that the placenta. must exert 
this effect in one of 2 ways; through a ‘“‘vas- 
cular shunt” effect, or through the liberation 
of an enzyme (such as angiotonase) which 
neutralized a renal pressor substance. 
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The vascular shunt effect is common to both 
groups of experiments; so one might deduce 
that the only difference resides in the nature of 
the chemical mediators of the hypertension. 
The complete absence of a fall of blood pres- 
sure late in pregnancy in the DCA-sodium 
syndrome, therefore, indirectly suggests that 
the cause of this hypertension is not the same 
as the cause of experimental renal hyper- 
tension. 

Conclusions. 1. Desoxycorticosterone ace- 
tate (DCA) and sodium chloride, in amounts 
sufficient to cause hypertension do not inter- 
fere with conception, implantation or normal 
delivery in rats. 2. When pregnancy is super- 
imposed upon DCA-sodium hypertension, the 
blood pressure and fluid balance are not af- 
fected. There may be a transient increase of 
proteinuria during the last third of pregnancy. 
3. The failure of the elevated blood pressure 


to fall during late pregnancy, as it regularly 


does in experimental renal hypertension, sug- 
gests a difference in the chemical mediation 
of the 2 types of hypertension. 
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(Introduced by Bernhard Zondek.) 


From the Department of Parasitology, Hebrew University-Hadassah School of Medicine, 
Jerusalem, Israel. 


The need for a convenient source of macro- 
phages in opsonic studies on chicken malaria 
led to the development of a technic for grow- 
ing such cells from chicken blood agranulo- 
cytes(1). In attempting to adapt this tech- 
nic to studies of rodent malaria we found it 
technically impossible to obtain enough rodent 
blood to provide agranulocytes in the re- 
quired quantities, and have therefore de- 
veloped an alternative method for obtaining 
similar agranulocytes for culture from _peri- 
toneal exudates sterilely induced in rats. 

The method is here briefly described since 
it may be of some value to other workers who 
require cultures of mammalian macrophages 
or of fibroblasts developing from them, spread 
in a single layer, which may be exposed to 
known concentrations of drug, antigen, anti- 
_bedy, etc. in a supernatant phase. Such cul- 
tures can be fixed and stained as whole 
mount preparations, and require no sectioning 
as do many types of culture employing tissue 
fragments. Thus the entire contents of each 
cell rather than sections of a cell are available 
for study. The described method is further 
preferable to those using tissue fragments in 
that contact of the constituents of the liquid 
phase with each cell is ensured, whereas such 
contact in the interior of a tissue fragment is 
at best open to question. Peritoneal exudate 
induced in adult white rats by the intraperi- 
toneal introduction of sterile paraffin oil ac- 
cording to the method of Bloom e¢ al.(2) was 
collected as follows. Two days after injection 
of the paraffin oil, an anesthetised experimen- 
tal rat received an intraperitoneal inoculation 
of 5 to 6 ml of Tyrode’s solution modified by 
omitting CaCl. to avoid blood clotting, and 
also containing 1:50,000 Connaught heparin. 
Following brisk abdominal massage, the ab- 
dominal muscles were cut along the midline 
with aseptic precautions, and the contained 
fluid, consisting of a milky suspension of cells 
and paraffin oil in the modified Tyrode’s solu- 
tion, was sterilely collected into a centrifuge 
tube. Following centrifugation for 5 minutes 


at 2,000 r.p.m., the plug of semi-solidified 
paraffin oil was pushed aside, and the cell 
sediment was transferred to fresh modified 
Tyrode’s solution. After 3 such washings by 
means of centrifugation, the pooled cell sedi- 
ment obtained from 2 rats treated as de- 
scribed above was finally suspended in 10 ml 
of a medium consisting of the following com- 
ponents: 209% normal rat serum; 7% dilute 
aqueous chick embryo extr.; 73% Tyrode’s 
sol. without CaCls; 5 units crystalline peni- 
cillin g/ml medium; 0.1 ml 0.1% phenol red/ 
ml medium. The cell sediment consisted of 
large mononuclear cells with relatively abun- 
dant cytoplasm, as described by Bloom e¢ ai. 

Six 10 mm?’ coverslips were cemented to the 
floor of each of a series of Carrel flasks with 
plasma clots. Each flask then received 5 ml 
of the fluid medium containing the suspension 
of mononuclear exudate cells. The flasks 
were closed with rubber stoppers and incu- 
bated at 37°C. When cultures were to be 
maintained for extended periods, the super- 
natant phase was renewed every 4 or 5 days. 
The effete supernatant fluid was removed, the 
cultures were washed for 15 minutes in modi- 
fied Tyrode’s solution at 37°C, and fresh 
supernatant medium, 5 ml per flask, was. 
added after the washings were discarded. 
Hypertrophied cells adhered to the floor of 
the flasks and to the coverslips, and were not 
disturbed by the rinsing. Serial observations 
on events in each flask were possible, since a 
single coverslip could be detached and re- 
moved without disturbing the rest of the cul- 
tures in the flask. In this study cultures were 
fixed in Zenker-formalin and stained with 
hematoxylin-eosin-azure stain. 

Results. Fourteen-day cultures consisted 
chiefly of a network of elongate or stellate 
fibroblasts with long, filiform processes, fre- 
quently arranged in a syncytium (Fig. 1). 
Such cells were often more than 100 ,« long, 
not including the -processes, by about 20 to 
40 » wide. Mitotic figures observed in them 
(Fig. 1) demonstrated that they were actively 
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FIG. 1. Fibroblast syncytium developing from 

mononuclear cells of rat peritoneal exudate 12 days 

after explantation. Note mitotic figure in central 
fibroblast. 


FIG. 2. Leishmaniform stages of Trypanosoma 

cruzi in fibroblasts developing from rat peritoneal 

exudate 12 days after explantation and 5 days 

after addition of crithidia of ZT. cruzi to super- 

natant phase. Parasites in intercellular bridges as 
well as in the body of infected cell. 


functioning and not merely surviving. Fibro- 
blasts of this type were suitable hosts for 
obligate intracellular parasites of connective 
tissue cells, as may be seen in Fig. 2, which 
depicts colonies of the leishmaniform stage 
of Trypanosoma cruzi developing in such 
cells 7 days after flagellated crithidial forms 
had been introduced into the supernatant 
phase of the culture. Mitoses were still seen 
in such cultures, even in infected cells, when 
extensive areas had already been damaged by 
the parasites. The morphology of the para- 
sites and their relation to the host cells is 
essentially similar to that described by Hawk- 
ing(3) and Meyer(4) for cultures of T. cruzi 
in a variety of cell types. Muniz and Freitas 
(5) grew JT. cruzi in a medium containing 
peritoneal exudate, but host cells were not 
stressed in their study, since their medium 
supported growth even in the absence of cellu- 
lar elements. 

Numerous macrophages were scattered 
among the fibroblasts in cultures like those 
described. above. These were generally more 


-or less rounded, about 20 to 40 » in diameter, 


FIG, 3. Phagocytosis by a macrophage in a 12-day 

culture of rat peritoneal exudate, previously ex- 

posed to rat blood infected with Plasmodium 

berghei. Several erythrocytes and a number of rod- 

shaped granules of malarial pigment have been 
ingested by the macrophage. 
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with deeply staining, irregularly oval nuclei. 
Such cells are capable of phagocytosis, as 
illustrated by the rounded central macrophage 
in Fig. 3, taken from a culture previously 
exposed to rat erythrocytes infected with 
Plasmodium berghei, suspended in the liquid 
phase. The illustrated macrophage contains 
‘several erythrocytes in varying stages of di- 
gestion, as well as a number of rod-shaped 
granules of malarial pigment. No phagocyto- 
Sis was seen in fibroblasts of 2-week cultures 
in which the macrophages were actively phago- 
cytic. 

Summary. A method for culturing a single 
layer of mononuclear agranulocytes from rat 
peritoneal exudate is described. Two-week 
cultures of this type consist chiefly of a net- 
work of fibroblasts interspersed with numer- 
ous macrophages, and are suitable for the 
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maintenance of obligate intracellular parasites 
(ex.: Trypanosoma cruzi, \eishmaniform 
stage). They may conveniently be used for 
drug testing, opsonic studies, or other tests 
requiring the exposure of a single layer of 
cells, normal or parasitised, to a supernatant 
liquid phase. 
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Influence of Oxygen upon Genetic and Nongenetic Effects of Ionizing 


Radiation on Paramecium aurelia.* 


R. F. KiMBALL AND NENITA GAITHER. 


(20150) 


(Introduced by Alexander Hollaender.) 


From the Biology Division, Oak Ridge National Laboratory, Oak Ridge, Tenn. 


It has been shown for a variety of organisms 
that X irradiation under low oxygen tension 
is less effective in producing biological damage 
than X irradiation under high oxygen tension. 
Hollaender, Baker, and Anderson(1) and 
Giles(2) may be consulted for review. It has 
been repeatedly suggested that this effect is 
caused by the reduced quantity of the active 
materials HO. and HeOz produced at low 
oxygen concentration, implying that a con- 
siderable part of the biological effect of X 
rays must be due to these substances. It is 
important to find out how far this generaliza- 
tion is true and so to examine carefully any 
cases in which there is little or no oxygen 
effect. ‘The present paper reports a series of 
experiments with Paramecium aurelia which 
show that under certain circumstances oxygen 
has little or no effect on the production of 
certain kinds of radiation damage, although 
under other circumstances it has a marked 


* Work performed under contract No. W-7405- 
Eng-26 for the Atomic Energy Commission. 


effect. It seems possible to interpret these 
findings in terms of changes in the importance 
of H2O»2 in producing these effects. Evidence 
is also presented that oxygen may influence 
radiation damage in other ways than its effect 
upon H»Os production. 


Materials and methods. Stock 90 of variety 
1 of P. aurelia was used throughout. The 
paramecia were selected to be in the first half 
of the interval between divisions. Shortly 
after treatment, a number of paramecia, usual- 
ly 30, were isolated and continued as daily 
isolation lines. 


The technique for measuring the genetic 
effect at doses of a few kiloroentgens has been 
described(3). In the present paper, the re- 
sults are expressed as the percentage of normal 
exautogamous clones (clones which reach a 
maximum population in a limited quantity of 
culture medium in 4 days). This percentage 
becomes too small to be useful at about 10 kr. 
However, the percentage of exautogamous 
clones which survive 4 days, regardless of the 
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amount of growth, decreases much more slow- 
ly as dose increases and is useful in the range 
from 10 to about 300 kr. 

Nongenetic effects in Paramecium were in- 
vestigated at doses above 30 kr. The two 
measures used were the number of divisions 
in the first day expressed as a percentage of 
the control and the percentage of survivors 
after one day. These two effects are dis- 
cussed by Kimball, Geckler, and Gaither(4). 
In their paper, it is shown that the best 
general measure of division delay is the re- 
ciprocal of the time to the sixth division. 
With X rays, however, the effects after the 
first day are so small that, for most purposes, 
the number of divisions in one day is equally 
good. Since in some experiments only this 
measure was available, it has seemed best 
to use it throughout. In each experiment, 
unirradiated controls were exposed to high 
and low oxygen concentrations at the same 
time and in the same manner as the irradiated 
animals. There was no evidence from the 
data that the division rate of unirradiated 
paramecia was influenced by such relatively 
brief exposures to different oxygen concen- 
trations. Therefore, the control value for the 
number of divisions in one day was obtained 
by averaging the two groups. 

The X-ray source was a General Electric 
Maxitron 250 operated at 250 kvp and 30 ma. 
For higher doses, including all experiments 
in which nongenetic effects were investigated, 
no filters were added. This unfiltered beam is 
highly heterogeneous and contains a large 
soft component because of the thin beryllium 
window of the tube. The measurement of 
this beam involves difficulties which have not 
been completely overcome. A nylon Victor- 
een 250-r chamber was used and measure- 
ments were made in air. No attempt was 
made to correct for scatter and for the differ- 
ence between the absorption by the walls of 
the chamber and the exposure containers. The 
intensity measured in this way was approxi- 
mately 68 kr/min at 7.7 cm and 16 kr/min 
at 15.4 cm from the target, which were the 
two positions used. For some of the investi- 
gations of genetic effects at low doses, a 3-mm 
Al filter was added; and exposures were made 
at approximately 500 r/min. 
exposures were made with the unfiltered beam 


Other low-dose’ 
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reduced to approximately this intensity by 
lowering the milliamperage. No significant dif- 
ference was noted between genetic effects with 
the 2 types of radiation. High-dose exposures 
were also made in a Co® y source kindly made 
available to us by the Organic Chemistry Sec- 
tion of this laboratory. The source had an 
intensity of 16 kr/min. 

Several different exposure containers and 
arrangements for achieving the desired oxygen 
tension were used. For experiments with 
filtered X rays and with y rays, 2-ml volu- 
metric flasks, fitted with bubbling tubes, were 
used. The gas was bubbled through the tubes 
for 15 min before irradiation, and, in the case 
of X rays, they were sealed off by stopcocks. 
Gas was bubbled throughout the exposure in 
the case of y rays. The arrangement for X 
rays was the same as that used by Hollaender 
and his collaborators in this laboratory for 
work with microorganisms. Modifications 
were made so that 2 tubes for different gases. 
could be exposed simultaneously in the limited 
space within the y source. Exposure to un- 
filtered X rays was made in one of 2 kinds 
of containers. The first was made by cement- 
ing, with DeKhotinsky cement, a piece of 
mica approximately 25 » thick to a lucite ring 
2.5 cm high and 5.5 cm in diameter. This 
dish was filled with mineral oil to a depth of 
1.5 cm, and the paramecia were placed in one 
or more small drops under the oil on the mica 
bottom. Irradiation was carried out 7.7 cm 
from the target with the beam directed upward 
through the mica bottom. Special boxes were 
designed which made it possible to bubble with 
the gas a small volume of fluid containing the 
paramecia, and to transfer a drop of this 
fluid to the oil dish and seal off the dish—all 
under ‘the desired atmosphere. The oil in 
the dish was also bubbled with the gas. The 
sealed dishes were removed from the box and 
irradiated. These same boxes were adapted 
for exposure of paramecia to HO. under a 
desired atmosphere. Small volumes of fluid 
containing animals and similar volumes of 
solutions of H:O2 were placed in separate, 
open containers in the box, gas was passed 
through ‘the box for 20 min, and then the 
peroxide was added to the animals with a 
pipette extending through the wall of the box. 
At the end of 10 minutes, culture fluid con- 
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FIG, 1s Influence of oxygen upon genetic effects of low and high doses of X and vy rays. The 
pairs of points connected by lines represent high- and low-oxygen groups simultaneously given 
the same dose. Most of the points are average values for 20 irradiated animals with 25 ex- 
autogamous clones from each irradiated animal. A. % normal exautogamous clones at low doses. 
B. % clones surviving 4 days after autogamy at high doses. Open symbols are low oxygen ten- 


sion; solid symbols, high. 


Circle = hanging drop. 


Square == oil dish. Diamond=y rays. 


Triangle = 2-ml volumetric flasks and filtered X rays. 


taining many living bacteria was added by 
means of another pipette, thus rapidly destroy- 
ing the peroxide and ending the exposure. 
The other exposure dish consisted of a small 
block of lucite with a well drilled in its center. 
.. Two tubes on opposite sides made it possible 
to pass any desired gas through the well. The 
paramecia were placed in small hanging drops 
on a piece of mica 25 p» thick, and this was 
sealed over the well with hot paraffin. The gas 
was passed through the chamber for 15 min, 
the chamber sealed off with stopcocks, and 
the exposure made. In all cases, the low- and 
high-oxygen groups for any one dose of radia- 
tion were exposed simultaneously. 

The gases used were Linde nitrogen (99.9% 
pure), a commercial mixture of 2% oxygen 
and 98% helium, a mixture of 20% oxygen 
and 80% nitrogen, compressed air, and pure 
(commercial tank) oxygen. In the following, 
the first 2 will be called low oxygen and the 
last 3 high oxygen. No consistent differences 
within these 2 groups have been found. 

Genetic effects. The influence of oxygen 
tension upon the genetic effects of low and 
of high doses are shown in Fig. 1. In this and 


other figures, each pair of points representing ° 


separate comparisons is connected with a ver- 
tical line. Fig. 1 shows that the low-oxygen 
group is consistently less affected than the 
high. Exact statements about the magnitude of 
the effect are not possible but some approxima- 
tion can be made. Other experiments have 
shown that both criteria, percentage normal 


and percentage survival for 4 days, are nearly 
exponentially related to dose. The curve for 
the former shows a small upward convexity 
when plotted on semilog paper whereas that 
for the latter shows some upward concavity. 
Thus the ratio of the log of the percentage at 
high oxygen tension to that at low oxygen 
tension is a fairly good measure of the oxygen 
effect. This ratio was obtained for each pair 
of points separately, and averaged. The 
average for the low-dose group was 2.6; for 
the high-dose group, 1.3. This suggests that 
oxygen has more effect at low dose than at 
high but does not exclude the possibility that 
the effect is the same for the 2 groups, since 
the deviations from a simple exponential rela- 
tion are such that the value for the low-dose 
group is an overestimate, the value for the 
high-dose group, an underestimate. 
Nongenetic effects. Fig. 2 shows the data 
for survival for one day after irradiation. 
There is reason to believe that in any one ex- 
periment the dose curve has a very long 
shoulder and then drops rapidly from com- 
plete survival to complete death(5). The 
sharp drop, together with variations from 
experiment to experiment, explains the great 
scatter of the points. A careful examination 
of the figure indicates that, at all doses where 
there was any appreciable difference between 
the low- and high-oxygen groups, there was 
more death in the former. This is so for 
both soft X rays and y rays. Thus hypoxia 
increases this effect or does not influence it at 
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FIG. 2. % survival one day after high doses of X rays. The pairs of points connected by lines 
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FIG. 3. Divisions in one day among survivors as % of control, The pairs of points connected 
by lines represent high- and low-oxygen groups simultaneously given the same dose. Many of 
the points are averages for 30 irradiated animals, but the number was less when survival was 


low. 


Open symbols are low oxygen tension; solid symbols, high. 


Circle = hanging drop. 


Square = oil dish. Diamond = vy rays. 


all. It certainly does not decrease it. 

The data in Fig. 3 are for divisions in the 
first day expressed as a percentage of the 
control. They agree with data in Fig. 2 in 
suggesting ‘that, in some cases, hypoxia in- 
creases the effect. The main evidence for 
this comes from the 4 pairs of points marked 
with asterisks. The high- and low-oxygen 
groups for each pair are significantly different 
from one another. However, these 4 points 
represent all the data from just 2 experiments, 
one with one dose and one with 3. The rest 
of the data are consistent with the hypothesis 
that there was no effect of oxygen; and the 
whole body of data taken together shows no 
significant effect. However, the apparent 
nonrandom distribution of unusual deviations 


among experiments combined with the evi- 
dence in Fig. 2 suggests that the data are 
really heterogeneous in that a few cases show 
more effect at low oxygen tension while in 
the majority the oxygen tension is without 
influence. In any case, the important point 
is that there is no evidence that hypoxia de- 
creases the effect. 

Irradiation in medium containing few bac- 
teria. The results reported in the foregoing 
sections were obtained by irradiating: para- 
mecia suspended in a culture medium contain- 
ing many living Aerobacter aerogenes. It has 
been shown(6) ‘that much of the non-genetic 
damage to paramecia irradiated in a medium 
containing few bacteria can be attributed to 
H2O2 formed outside the cell. It would be 
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TABLE I. Effect of Oxygen Tension upon Para- 
mecia Irradiated in Hanging-Drop Preparations in 
Medium Containing Few Bacteria. 


Exp. Dose, .—Nitrogen—. ——Oxygen-—, 
No. kr NS Dt Nit Dt 
0 Oia — 30 100 4.1 

1 92 22 OI 228 30 0 — 
| 153 2 0) — 26 0 = 

fet AO) 30 100 4.0 26 96 4.2 

2 45 30 100 4.0 30 0 = 
91 S0an OOS 2226 30 0 — 

0 BO) 00E SS i355 30 100 3.5 

3 45 30 OB = Seif 27 33 0.7 
WceOA 280: fay Soir ! 30 6 Oe 

0 50 LOOM Moun 30 97 3.1 

= 38 14 +100 3.8 26 o4 2.4 
77 2p AD BHO) 30 10 1.3 


L 


* No. of treated paramecia. 

+ % survival for one day. 

+ Avg No. of divisions in first day among sur- 
vivors. 


TABLE II. Influence of Oxygen upon Damage by 


2Vo- 

Exp. ishOy, --Nitrogen— -— Air—_ 
No. ug/ce s* t S* Dit 
2 0 100 4.6 100 4.5 
1 4 8 97 Bell 23 2.4 
eae KO) 47 1.4 0 — 

0 100 4.0 100 4.0 

2 4 8 50 1.9 30 les) 
eee) 23 1.6 20 0.7 

0 100 a5) 100 4.0 

38 4 8 100 3.4 93 2.8 
Cyl 100 Bee 93 2.6 

0 97 4.3 100 4.3 

4 8 87 2.3 3a 1.6 
10 10 253 13 0.8 


*% survival for one day, usually out of 30 
treated paramecia. 

+ Avg No. of divisions in first day among the 
survivors. 


expected that paramecia irradiated under the 
latter circumstances should show a typical 
oxygen effect on nongenetic changes because 
of ‘the importance of oxygen in peroxide pro- 
duction. This is shown to be true in Table I. 
Kimball and Gaither(6) were unable to find 
any influence of the presence of bacteria upon 
the genetic effects of X rays. 

Oxygen and the action of H,0,. The fail- 
ure to find an intracellular oxygen effect for 
division delay might, conceivably, result from 
a balance between a decreased production and 
an increased effectiveness of HoO. under 
hypoxia. This hypothesis was tested and ruled 
out by exposing paramecia to H2Oz under dif- 
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ferent oxygen tensions. The results are shown 
in Table II. It is clear that instead of an in- 
creased effect at low oxygen tension there is 
a decreased effect. Thus hypoxia should not 
only decrease the amount of HsO» formed but 
should decrease its effectiveness. The bal- 
anced-action hypothesis is ruled out, unless 
the improbable assumption is made that HsO. 
coming from outside the cell differs in this 
respect from H2O. produced locally. As a 


further check on this conclusion, samples of 


HO. were bubbled with nitrogen and with 
air for 15 minutes. No difference in concen- 
tration could be detected colorimetrically us- 
ing the starch-iodide method(6). 

Discussion. The failure to find an intra- 
cellular oxygen effect of the typical kind for 
division delay and death in one day in Para- 
mecium might mean one of 4 things. (1) In- 
sufficient peroxide is produced locally within 
the cell to be effective. (2) Sufficient peroxide 
is produced but its formation is not influ- 
enced by oxygen tension. (3) The oxygen 
tension has not been lowered enough in the 
parts of the cell concerned. (4) Oxygen in- 
creases peroxide formation but decreases its 
effectiveness. The fourth hypothesis has been 
eliminated by data in the preceding section. 
The third hypothesis is unlikely in light of the 
consistent finding of an oxygen effect upon 
the genetic changes produced by high doses. 
It is made still more unlikely by the similarity 
of the results with different methods of re- 
moving oxygen. However, it cannot be finally 
eliminated since localized differences in oxygen 
concentration are conceivable. The second 
hypothesis might be true for soft X rays. It 
is possible that effective concentrations of 
H2Oz are formed only in the dense ionization 
at the ends of electron tracks and that most 
of the H2Os in these regions is formed by 
combination of OH radicals rather than by re- 
actions with oxygen. However, the similarity 
of the results with y and soft X rays makes 
this hypothesis very improbable. Thus the 
first hypothesis is, by far, the most likely one. 

It is made still more likely by the following 
considerations. We have found that 2 pg/cc 
of HsOs added to tthe medium has no detec- 
table effect even after exposures of several 
hours, whereas a 10-minute exposure to 6 
g/cc produces a distinct delay in division. 
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Thus there is a limiting concentration below 
which no effect is produced. Moreover, Para- 
mecium possesses an active catalase which 
would prevent the accumulation of HsOs 
within the cell, especially if the catalase were 
in close proximity to the material whose 
damage leads to division delay and death. 
Such a location of the catalase is quite pos- 
sible if the suggestion(6) that division delay 
and death are the result of changes in ‘the outer 
portions of ithe cytoplasm is correct. 


Thus we come to the hypothesis that locally 
produced H:Os is so rapidly destroyed that 
effective concentrations are not reached with- 
in tthe cell unless it is overwhelmed by large 
quantities from the outside. Only in this lat- 
ter case does H»O2 become the most important 
cause of the damage, and only then is a typical 
oxygen effect found. When peroxide is pre- 
vented from accumulating outside the cell, it 
is even possible that oxygen may act to pro- 
tect the cell against damage by H atoms by 
reacting with them to form H»Os, against 
which the cell is well protected. This may 
explain the greater effect which is sometimes 
found under low oxygen tension though it 
does not explain the heterogeneity of the re- 
sults. . 

These findings for Paramecium agree with 
those for bacteriophage in suggesting that 
only when H:Oz is involved is the action of 
X radiation decreased by decreased oxygen 
tension. Watson(7) distinguishes 3 com- 
ponents to the action of X rays on phage, 1) a 
direct effect presumably due to energy ab- 
sorbed within the phage, 2) an indirect effect 
which he suggests is due to active radicals of 
short half life, and 3) an after effect due to 
relatively stable substances. Alper(8,9) makes 
essentially the same distinction, gives positive 
evidence that H»O» causes the after effect, and 
shows that oxygen is necessary for the mani- 
festation of this effect. Hewitt and Read(10) 
show that the direct effect is not influenced 
by oxygen, and Alper(9) shows the same lack 
of effect upon the initial rate of inactivation 
of phage (presumably Watson’s indirect ef- 
fect) and upon the sensitization of phage to 
H2:O2. She believes that this means that 
oxygen is not needed for the action of radicals 
during irradiation and is effective only through 
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its role in H»O. formation. The results 
with Paramecium can be considered to support 
this point of view, at least in showing that 
oxygen does not enhance the nongenetic effects 
of X rays except when the conditions are such 
that these effects are due mostly to peroxide. 

The distinct oxygen effect which is found 
for genetic damage in Paramecium could well 
mean that a considerable portion of this 
damage is brought about by peroxide. There 
is no contradiction in the idea that peroxide is 
effective in the micronucleus but not in the 
cytoplasm since the catalase content of the 
micronucleus may be low and only one or a 
few molecules of peroxide may be sufficient. 
However, the evidence from Paramecium only 
makes peroxide a possibility and does not ex- 
clude other explanations of the oxygen effect. 

Finally, we have shown that oxygen may 
have a 2-fold effect upon the production of 
radiation damage. It may influence the pro- 
duction of active substances such as peroxide, 
but it may: also influence the biological effec- 
tiveness of these substances. Thus, the oxy- 
gen effect for paramecia irradiated with few 
bacteria present consists of at least 2 parts. 
The presence of oxygen increases the produc- 
tion by irradiation of HO. in the medium, 


and it also increases the biological effective- . 


ness of this substance. Similar combined ef- 
fects may exist in other organisms. 

Summary. The nongenetic effects of ioniz- 
ing radiation upon Paramecium, when many 
bacteria are present during irradiation, are not 
influenced or perhaps are slightly increased by 
hypoxia. However, when few bacteria are 
present, these effects are decreased by hypoxia. 
The latter finding is in accord with the pre- 
viously obtained evidence that much of the 
nongenetic damage produced when few bac- 
teria are present is due to HsOs formed out- 
side the cell. The former finding suggests 
that HO. formed inside the cell is not of im- 
portance in producing nongenetic damage. On 
the other hand, genetic damage is consistently 
less under hypoxia. Previous evidence has 
shown that this kind of damage is not pro- 
duced by HO. formed outside the cell. 
However, it seems quite possible that H»Os 
or HOz produced locally within the nucleus 
is of importance in producing genetic damage; 
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but the evidence from Paramecium does 
not rule out other interpretations; e¢.g., an 
effect of oxygen itself upon the recombination 
of broken chromosomes. 
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C. P. Lit AND Morris SCHAEFFER. 


From the Virus and Rickettsia Section, Communicable Disease Center, Public Health Service, 
Federal Security Agency, Montgomery, Ala. 


Since the adaptation of the Type II (Lan- 
sing) strain of poliomyelitis virus to mice by 
_Armstrong(1), numerous attempts have been 
made to accomplish this with other poliomye- 
litis virus strains. Success with the Type III 
(Leon) strain was reported by Li and Habel 
(2), employing the intraspinal route in mice 
(3). This has been confirmed by Casals 
et al.(4), but the low virulence of the adapted 
strain has limited its usefulness in laboratory 
and field studies. More recently, Li and 
Schaeffer(5) have been able to increase the 
adaptability of the Type III strain to a degree 
of virulence which enhances its satisfactory 
utilization in mouse neutralization tests for 
the detection of antibodies. 

Although Steigman and Kokko(6) have 
shown Type I poliomyelitis virus to persist in 
the mouse brain, they have not demonstrated 
that multiplication of the virus takes place. 
This report will describe methods employed in 
the successful adaptation of the Type I 
(Mahoney) strain to mice and its propagation 
in the rodent host. 

Materials and methods. Virus. The Ma- 
honey strain of poliomyelitis was employed in 
this work. This virus was originally isolated 
by Dr. Thomas Francis, Jr., from a pool of 3 
stools of asymptomatic cases of poliomyelitis 
in Cleveland in 1941 and was later classified 
as Type I. The virus, when furnished us by 


Dr. Jonas E. Salk, had been through a total 
of 14 monkey passages and 2 monkey testicu- 
lar tissue culture passages. Jimmune serum. 
Hyperimmune serum was prepared in mon- 
keys with adjuvants following the procedure of 
Salk e¢ al.(7) against Type I (Brunhilde), 
Type II (Lansing), and Type III (Leon) 
monkey propagated stock viruses. These sera 
were checked for specificity both in mouse and 
tissue culture neutralization tests. Immune 
monkey sera prepared and tested against 
the 3 types of virus in other poliomyelitis 
laboratories were obtained and also were 
used in neutralization tests to prove the 
specificity of the adapted virus. Animals. In 
nearly all the experiments performed, CFW 
mice were used. These were 3- to 5-week-old 
mice in the earlier passages, but later 8- to 
12-week-old mice were employed because of 
preliminary indications that the latter may be 
more susceptible. Hamsters, cotton rats, and 
C3H mice were tested on 2 occasions. When 
monkey infectivity tests were conducted, 
rhesus monkeys weighing 3 to 6 pounds were 
inoculated intracerebrally. The rodents were 
successfully infected only by the intraspinal 
route. Intracerebral passages failed, and com- 
bined intraspinal and intracerebral inocula- 
tions were not superior. Tissue culture. The 
technic employed in our tissue culture has 
been described previously(8). Essentially, it 
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CHART I. Lines of Passage in Tissue Culture and Mice. 
Type I Mahoney Monk 14 T-2 
my thru T-9 
| 
P-10 = 
T-lla 
T-lld T-1le T-775 MED mice 9/35 
mice 20/37, hamsters 2/4 T-11b 
Monkey 0/1 T-” ,M-2 | 
T-12b 
T-12a Hamsters 3/6 | 
mice 5/7 i mice 5/8 
T-” ,M-3 
| 
sae T-12a, M-4 
| ve eek 
T-” ,M-4 M-5 
| 
Ree ER erate al 2 MEG 
! 
| | | 
__T-l4a T-13a, meee, 
M-6 | 
T-14a, M-6 T-14a,B ” ,M-8 
| 
Cotton Monkey 0/1 BS calle N.T.inmice ” ,M-9 
rats 0/3 | | 
7, M-8 “y 2 M10 Pa a: 
Monkeys ___ | | | ay 
0/2 Monkeys 0/73 ” ,M-9 | N.T. in tis- N.T. in tis- 
sue culture sue culture 
Cotton rats 0/3 ” , M-10 
wa T-15a 
N.Y. in INES aa) 
mice mice 


Vv 


T =tissue culture passage; M = mouse pa 
No. paralyzed/No. inoculated animals named. 


is similar to methods currently utilized in 
most laboratories. Fragments of monkey tes- 
ticular tissue are embedded in plasma clots on 
test tube walls, immersed in fluid consisting 
of one part of 5% bovine plasma hydrolysate 
and 3 parts of Hanks-Simms solution. The 
tubes are incubated in a slanted stationary 
position for several days to permit cellular 
outgrowth. Virus was cultivated in such cul- 
tures for 9 to 15 days, after which the tissue 
fragments in each tube were detached from the 
tube wall, ground, and suspended in about 0.3 
ml of native culture fluid. The suspension 
was then lightly centrifuged and the super- 
natant fluid was used for animal inoculation. 
For serial virus tissue culture passages, only 
the fluid in amounts of 0.1 ml was transferred 
to successive tubes. Neutralization tests. 


ssage; N.T.-— neutralization test. Fraction = 


These were conducted during the course of the 
work to test the specificity of the virus. 
Equal portions of heat-inactivated, undiluted 
immune serum were mixed with virus con- 
tained in 10 or 20% mouse cord suspension or 
in tissue culture fragments ground and sus- 
pended in their own fluids. The mixtures were 
incubated at 37°C for one hour, and 0.15 ml 
of each was inoculated into sets of tissue cul- 
ture test tubes in triplicate, or 0.025 ml was 
inoculated intraspinally into groups of 8 mice 
for each mixture. Mice were observed for 
evidence of paralysis for a minimum of 2 
weeks and tissue cultures for cytopathogenic 
changes for 6 days. 

Experimental. As mentioned, the Type I 
virus with which these studies were begun 
had previously had 14 monkey passages fol- 
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TABLE I. Direct Passage of Type I Virus in Mice 
after Second Alternating Tissue Culture Passage. 
——— 


Passage Paralysis Incubation period 

T-12a, M-3 5/10* 3, Ay OT 
4 15/19 3%, 42, 5°, 61, 71, 81 102, 192 
5 5/13 dz 502 alos 
6 4/12 Biay salir 
a Oe 4? 5%, 10° 
8 12/19 21, 32, 42, 5%, 62, 73 
O71 32, 59, 61, 7 


* No. of mice paralyzed/No. inoculated. 
t+ One mouse paralyzed on 9th day. 


TABLE IL. 
Direct Passage of Type I Virus in Mice after 
Fourth Alternating Tissue Culture Passage. 


Passage Paralysis Incubation period 
T-14a, M-6 DO Ore ae esas Tes 
7 16/20 roe arg Ons Meese Or 
8 14/19 2*, 3°, 44 
o) 10/20 2?, 34, 4* 
10 12/12 Pies Oe i 


* No. of mice paralyzed/No. inoculated. 
t+ Ten mice paralyzed on 3rd day. 


lowed by 2 tissue culture passages. In this 
laboratory, it had 8 additional successive 
tissue culture passages. Material from these 
cultures up to the 4th passage failed to pro- 
duce any apparent infection in mice when 
inoculated by various routes, including the 
intraspinal. The remaining 6 passages were 
made without further tests in mice. From the 
10th passage, 4 lines of subpassages were 
started, each on a different occasion. Series 
T-1la consisted of alternation between tissue 
culture and mouse passages with periodic sub- 
lines of direct mouse-to-mouse passages. 
Series T-11b had only 2 additional tissue cul- 
ture passages, while series T-llc and T-11d 
had but one. From each of these series, 
material when inoculated intraspinally into 
mice or hamsters was found capable of induc- 
ing paralytic infection in half, or more than 
half, of the injected animals. 

It became apparent, therefore, that some- 
where between the 5th and 11th tissue culture 
passage a rather striking variation in the be- 
havior of the virus had occurred. This was 
manifested by its current ability to produce 
clinical disease in rodents following direct in- 
jection into the spinal cord, a characteristic 
not previously elicited by this technic. 

Chart I depicts the lines of passage of the 
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virus in tissue culture and mice, as carried 
out thus far. The material selected for in- 
fectivity and neutralization tests, and the re- 
sults of some of these tests, are indicated on 
this chart. In the accompanying tables, there 
are presented in greater detail selected ex- 
amples of the more pertinent data obtained in 
evidence of the selection of a rodent-adapted 
strain of Type I poliomyelitis virus. 

Characteristics of the virus. Mice inocu- 
lated intraspinally with sufficient doses of the 
Type I modified virus develop typical polio- 
myelitic paralysis. The incubation period is 
3 to 5 days, occasionally being as short as 2 
days and rarely as long as 10 to 17 days. 
Paralysis usually appears first in one of the 
forelegs or hind legs and gradually spreads to 
all extremities. Some animals may survive in 
the paralytic condition for several days. In 
the early passages especially, paralysis was 
frequently mild and many of the mice recov- 
ered. 

Virus derived from mouse cord suspensions 
had a greater infectivity titer for tissue cul- 
tures than for mice. In tissue cultures this 
virus was infective in titers of 10+ to 10° 
while in mice infectivity ranged from 10°? 
to 10°. However, when this virus was grown 
in tissue culture it not only retained the same 
tissue culture titer but also had a relatively 
higher (10° to 10°) mouse infectivity titer. 
With increasing numbers of mouse passages, 
direct or alternate, there appears to be a trend 
toward increasing virulence for mice (Table 
II), despite some fluctuation. In the first 
mouse passages only 9 of 35 mice were 
paralyzed, while in current passages the virus 
paralyzes 50 to 100% of the mice. With con- 
tinued passage of this virus strain, the infec- 
tivity titers for mice of both the mouse- 
maintained and __ tissue-culture-maintained 
virus are gradually approaching each other. 

The spinal cords of representative mice, 
occasionally sacrificed and autopsied following 
infection, when examined microscopically, 
have invariably revealed the typical histo- 
pathologic lesions of poliomyelitis. Small 
groups of monkeys were inoculated intracere- 
brally, mostly with late passage virus, but 
these remained asymptomatic. However, in 
one monkey, sacrificed 29 days after inocula- 
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TABLE III. Neutralization Test of Passage Type I Virus in Mice and in Tissue Culture. 
Immune monkey serum Normal 
Virus (Type) monkey 
N.T. in: passage Material Approx. I.D. it IL dati serum 
Mice T-14a, B : Tissue culture 100 0/8 6/8 8/8 7/8 
undil. susp. 
-———— Cell degeneration a ei Tru 5 
Tissue culture T-14a, M-8 Mouse cord 10000 ees! P2ee3 1 
20% susp. ——— +++ +4+4+ 444 


TABLE IV. Specificity Tests on Control Monkey Immune Sera Tested against Heterologous Types of 
Poliomyelitis Viruses in Tissue Culture and in Mice. 


I (Brunhilde) 


r Monkey serum immune to: 


II (Lansing ) 
Cellular degeneration in days 


SE NN 
Normal 


III (Monkey Leon) monkey serum 


Neutralization test 
in tissue culture 


Virus 1 ep aye Gye Ae 2 oes oko Deo) emo 0 Lye one SomOrenO 
I Mahoney —+Hee te —+t4+4¢4+ —F+ ++ H+ 
IL YSK ~ ——++++ — ttt ——+4+ 44+ 
UTSaukett —+++++4+ —+++++ +++4+4 
ea) le Mouse Paralysis 0/8 6/8 8/8 7/8 
& Mahoney Incubation 0 3.1 4 4.5 
= (days) 
3 8 II Mouse Paralysis 10/10 2/10 9/10 9/10 
‘a 4 } i 29 
Sis MEF-1~ Incubation 2.2 4.8 
af (days) 
£ III Mouse Paralysis 8/9 10/10 0/10 9/10 
2 Leon Incubation 6 6 0 5 


(days) 


tion, lesions suggestive of poliomyelitis were 
found in the brain and spinal cord. 

Intraspinal inoculation of a group of 4 and 
a group of 6 Syrian hamsters resulted in 
paralysis of half of each group, but 2 groups 
of cotton rats, similarly inoculated with a 
suspension that paralyzed 10 of 20 mice, have 
thus far resisted this virus. Intracerebral in- 
oculation has thus far failed to paralyze any 
of the species of animals used. 

There are some interesting differences be- 
tween the Type I mouse adapted virus and 
mouse Types II and III. Type III mouse 
adapted virus does not paralyze hamsters and 
following serial tissue culture passages loses 
its virulence for mice. The MEF-1 Type II 
mouse virus, in adequate doses, infects mice 
readily by the intracerebral route as well as by 
the intraspinal and usually paralyzes most or 
all of the inoculated mice within 48 hours 
and produces symptoms in cotton rats. 

Identity of the virus. At present, the im- 
munologic evidence supporting the identifica- 
tion of this virus as poliomyelitis Type I rests 


primarily with the results of neutralization 
tests. These were performed on several oc- 
casions during the course of propagation and 
were conducted in both tissue cultures and 
mice. Table III illustrates the outcome of a 
typical test. On each occasion the virus was 
inhibited by Type I, but not by Types II and 
III, immune monkey sera prepared and pre- 
viously tested in this laboratory for specificity 
(Table IV). In addition, sets of hyperim- 
mune antisera obtained from two other polio- 
myelitis laboratories were also used to check 
the specificity of the virus. The results ob- 
tained with these sera confirmed the findings 
shown in Tables III and IV, adding further 
evidence that the mouse-adapted virus could 
be correctly classified as Type I. Results of 
cross immunization and cross infection ex- 
periments currently under way are as yet 
incomplete. 

Discussion. In attempting to adapt Type I 
poliomyelitis virus to mice a number of meth- 
ods were tested with view toward reducing the 
resistance of the experimental animals. These 
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included the use of cortisone, metabolites, ex- 
posure to cold, multiple routes of inoculation 
and other procedures. None of these were 
successful except the use of modified virus 
introduced intraspinally. This work illus- 
trates the importance of the intraspinal route 
in mouse adaptation of poliomyelitis viruses, 
although the mechanism of pathogenicity by 
this route is not yet clear. With further pas- 
sages it is anticipated that a better adaptation 
of the Type I poliomyelitis virus will be ef- 
fected as was the case with Type III virus(5). 
It is especially significant that a virus strain 
which grows well in extra-neural tissues does 
not obviously infect when introduced into mice 
by various routes, including the intracerebral, 
and yet produces the typical poliomyelitic in- 
fection when injected directly into the spinal 
cord. 

It is evident also from the data presented 
that the route of infection per se was not the 
only factor involved in the successful adapta- 
tion of this virus to mice. Obviously some 
alteration in the properties of the virus oc- 
curred in the course of tissue culture passage 
which, combined with intraspinal inoculation, 
permitted this adaptation. This may have 
been a quantitative change, a true mutation, 
or a temporary variation. It is possible also 
that this change may be associated with the 
unmasking of a component which enhances 
mouse virulence or the elimination of an in- 
hibitor. It may be of significance that in the 
adaptation, this strain has lost its original 
virulence for monkeys. 

While answers to certain questions must 
await further investigations which are cur- 
rently in progress, preliminary tests indicate 
that this virus strain may be utilized ade- 
quately in the performance of relatively rapid 
neutralization tests in mice and tissue cultures. 

This adaptation of the Type I poliomyelitis 


481 


virus to rodents, when confirmed by other in- 
vestigators, will provide the long-desired sim- 
plified tools with which to conduct, on a more 
extensive scale, the important field and labora- 
tory studies previously hampered by tedious 
and expensive methods. Although primary 
isolation of poliomyelitis virus is not yet 
possible in the mouse, the adaptation of the 
3 virus types to this animal will permit the 
performance of rapid, reproducible, and rela- 
tively inexpensive serologic and immunologic 
tests. 

Summary. 1. The procedures employed in 
the successful adaptation of Type I (Ma- 
honey) poliomyelitis virus to Swiss mice are 
described. This virus could also infect ham- 
sters and C3H mice but not cotton rats, while 
its original virulence for monkeys was lost. 
2. The use of the intraspinal route of inocula- 
tion and the selection of a mutant or variant 
of the virus is believed to be responsible for 
this adaptation. Other possible explanations 
are discussed. 3. With this attainment, all 3 
poliomyelitis virus types have now been 
adapted to mice. This will permit more rapid 
progress in field and laboratory studies of 
poliomyelitis. 
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Amino Acid Composition of Thymus Nucleohistone.* 


(20152) 


MANForp D. Morris AND Harotp A. HARPER. 


From the Departments of Biology and Chemistry, University of San Francisco, Calif. 


The isolation of a nucleohistone from chick 
erythrocyte nuclei and the microbiological 
analysis of this protein for its amino acid 
composition has been described in a previous 
paper(1). In this communication we wish to 
report a similar study of nucleohistones de- 
rived from bovine thymus gland by a modi- 
fication of the method of Mirsky and Ris(2) 
for the isolation of chromosomes. 

Experimental.t One hundred grams of 
fresh calf thymus were minced with scissors 
and suspended in 450 ml of 0.14 M NaCl. 
The solution was then homogenized in a 
Waring Blendor for 7 minutes. A drop of 
octyl alcohol was added to minimize foaming. 
The solution was removed from the Blendor 
and immediately cooled to 0°C, after which 
the solution was centrifuged for 5 minutes at 
1500 G. Following centrifugation, 2 distinct 
layers of solid material were noted, an upper 
layer of chromosomal material, and a lower 
layer of debris and unbroken nuclei. The 
turbid supernatant liquid contained lighter 
cellular elements and cytoplasmic material. 
It was discarded along with the uppermost 
part of the chromosomal layer. The centrifu- 
gate was again suspended in 4 times its volume 
of isotonic saline and centrifuged for 3 min- 
utes at 1200 G. The clean, white layer of 
chromosomal material was then separated 
from the debris with a suction pipet and 
transferred to a clean test tube where it was 
resuspended in 4 times its volume of 0.14 M 
NaCl and washed 4 additional times. The 
thoroughly washed chromosomal material was 


* Supported partly by a grant-in-aid from the Cali- 
fornia Division of the American Cancer Society. The 
data are from a thesis submitted by Manford D. Mor- 
ris to the Graduate Division of the University of San 
Francisco, in partial fulfillment of the requirements 
for the degree of Master of Science. 

+ All procedures were carried out at O°C unless 
otherwise stated. The centrifuge used was an 
International refrigerated centrifuge, Model PR-1. 
When using the Waring Blendor it was placed in the 
refrigerator at O°C. 


then filtered in the cold and approximately 
20 ml of 0.2 N HCl were added to extract the 
histone. 
until all of the histone had gone into solution. 
The acid extract was dialyzed against dis- 
tilled water overnight, after which 0.05 N 
NaOH was added to maximum precipitation 
at pH 10.4. The precipitated nucleohistone 
was filtered, washed twice with ethanol and 
once with ether, and finally dried im vacuo at 
room temperature. The dried product was 
analyzed for total nitrogen by the method of 
Hiller, Plazin, and Van Slyke(3) and then 
hydrolyzed in an all-glass reflux condenser. 
One sample was hydrolyzed with 20% HCl 
and another, for determination of tryptophan, 
with 5 N NaOH(4). The hydrolyzates were 


neutralized and analyzed microbiologically for . 


18 amino acids by methods previously de- 
scribed(1). Analyses for amino nitrogen were 
also performed on samples from the hydro- 
lyzates using the method of Van Slyke e¢ al., 
based on the gasometric measurement of car- 
bon dioxide evolved after reaction of the 
hydrolyzates with ninhydrin(5). 

Results and discussion. The results of the 
analyses for the total nitrogen and the amino 
nitrogen of the proteins are shown in Table I. 
The amino acid analyses on 2 individual sam- 
ples of bovine thymus nucleohistones, desig- 
nated T-1 and T-2, are reported in Table II. 
The serine and threonine figures have been 
corrected for decomposition of 5 and 10%, 
respectively, as suggested by Rees(6)- who 


TABLE I. Nitrogen Analyses of Thymus Nucleo- 
histones, g/100 g. 


-— Total NY, -a-amino N,—, 


A. B. C, 10y 
a 5 
B rey en S fis) ae 
Sq £38 Be 82 6 
Chery SH ° ao if a a S Se 
Sample i = =| = S : = Sa = 3 
No. a. Old oe el eaees es 
T-1 16.35 16.14 ipa 12.64 
-2 16.31 16.37 10.42 TL.52 


The HCl extraction was continued. 


Amino Acip Composition THymMus NUCLEOHISTONE 


TABLE IT. Amino Acid Composition of 2 Samples 
of Thymus Nucleohistone. 


o 
as) oa 
on neers Ean 
< a 5, SS zA8 
T-1 T-2 T-1 T-2 
Amino acid ——2-—— -— %— 
Alanine Ore NORO 9.5 9.7 
Arginine T2800 = 1259 23.5 25.4 
Aspartic acid 6.8 6.4 4.4 4.1 
Cysteine/cystine 
Glutamic acid I= lsh 6.6 6.4 
Glycine 4.8 4.6 5.5 5.3° 
Histidine 3.0 Salt 5.0 5.2 
Isoleucine 6.6 6.6 4.3 4.3 
Leucine 9.6 Last 6.3 5.0 
Lysine 13:2). 13.4 15:5 - 15.8 
Methionine 1.0 0.8 0.5 0.4 
Phenylalanine 2.4 2.4 1.2 1.3 
Proline/OH proline(?) 3.4 4.0 2.5 3.0 
Serine 3.2 4.0 2.6 3.3 
Threonine 6.0 6.3 4.3 4.5 
Tryptophan 0 0 0 0 
Tyrosine 4.4 4.1 2.1 NSy 
Valine 4.8 4.4 3.5 3.2 
Ammonia 1.4 1.6 
Totals 98.7 100.4 


* These figures were obtained by calculation 
- from the amino acid percentage composition of the 
protein as shown in the first 2 columns of this 
table and total N. obtained by Kjeldahl analysis 
(Table I). 


observed this degree of destruction under 
similar conditions of hydrolysis. 


Hamer(7) quantitatively analyzed an acid 
hydrolyzate of thymus histone by the use of 
starch columns and accounted for 94.7% of 
the total nitrogen of the protein by 15 amino 
acids. The NH3 nitrogen brought the total 
nitrogen recovered to 99.5%. Methionine, 
cystine, and tryptophan were not found in the 
hydrolyzates assayed on the starch column. 
Neither cystine nor cysteine was detected by 
a polarographic analysis but a separate colori- 
metric determination for tryptophan in the 
protein indicated a content of 0.04%. This 
corresponds to about 5 y of tryptophan per ml 
of the alkaline hydrolyzates which were as- 
sayed microbiologically in our laboratory, a 
quantity well within the sensitivity of our 
analytical method even after allowing for 
some decomposition which should be minimal 
in the alkaline hydrolyzate. However, in 
none of our thymus nucleohistones was any 
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tryptophan found. A small quantity of meth- 
ionine was detected, but cystine was either 
absent or present in trace quantities which 
were inadequate for a satisfactory assay. In 
the study of calf thymus reported by Hamer, 
a great excess of isoleucine over leucine was 
found, whereas our analyses indicated that 
these 2 amino acids were present in about the 
same amount. The sum of the concentrations 
of isoleucine and leucine in Hamer’s samples 
is approximately those reported in our study. 
It is possible that complete separation of the 
2 amino acids was not obtained in the chro- 
matographed samples on the starched column. 
Our findings agree with those of Daly e¢ al. 
(8) in showing essentially equal amounts of 
leucine and isoleucine in the thymus histone 
samples. 

We have previously noted(1) that the 
chick red cell nucleohistones were character- 
ized by the presence of an excess of lysine 
residues over arginine, in contrast to the find- 
ings of Hamer, or of Daly e¢ al. This is also 
true of the thymus nucleohistones we have 
studied. The considerable quantities of 
alanine reported both in the chick and the 
thymus nucleohistones isolated in our labora- 
tory also contrast with that reported by 
Hamer or by Daly et al. However, the find- 
ings with regard to all other amino acids agree 
well with those of previous workers. Further- 
more, the amino acid constitution of the nu- 
cleohistones from the thymus is, in general, 
quite similar to that found by us for corres- 
ponding nuclear protein derived from the 
chick red cell. 

Summary. 1. Two samples of histone iso- 
lated from bovine thymus nuclei have been 
analyzed for their content of 18 amino acids 
by microbiological methods. Approximately 
98% of the total N of the protein was ac- 
counted for by 16 amino acids. 2. No tryp- 
tophan was found in the thymus nucleohistone 
samples. 3. The presence of methionine in 
these proteins was confirmed but that of cys- 
tine is questionable. 4. In general, the amino 
acid composition of the thymus nucleohistone 
resembles that of the corresponding protein 
derived from chick erythrocyte previously re- 
ported by us. 
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Liver Xanthine Oxidase Activity in Relation to Availability of Methionine 


from Soybean Protein.* 


Irvin E. LIENER AND SHOHACHI WADA. 


(20153) 


(Introduced by M. O. Schultze.) 


From the Department of Agricultural Biochemistry, University of Minnesota, St. Paul, Minn. 


It is well known that the nutritive value of 
the protein from soybean meal can be mark- 
edly enhanced by methionine supplementation 
or by proper heat treatment(1). The demon- 
stration that the amount of sulphur(2) or 
methionine(3) absorbed from the intestinal 
tract of the rat is the same whether the animal 
is fed the raw or heated soybean meal has led 
to the suggestion that the methionine derived 
from unheated soybean protein must be ab- 
sorbed in a form(2), or in a manner(3), which 
cannot be utilized for growth. 

Since the growth depression observed in 
animals fed raw soybean meal is known to be 
caused by other factors as well as the avail- 
ability of methionine(4), it appeared desirable 
to apply a criterion other than growth as a 
measure of the utility of methionine from raw 
and heated soybean protein. The xanthine 
oxidase activity of the liver was selected for 
this purpose since the activity of this enzyme 
has been shown to be a sensitive index of the 
availability of methionine from dietary pro- 
tein(5,6). 

Experimental. Each kg of basal ration 
used in this study contained the following 
components: raw or heated (autoclaved at 15 
Ib for 20 min.) soybean flour,t 400 g; salts 
(7), 40 g; Crisco, 60 g; sucrose, 500 g; and 


* Paper No. 2969 Scientific Journal Series, Minn. 
Agr. Exp. Station. 

+ Nutrisoy XXX, Archer-Midland-Daniels Co., 
Minneapolis, Minn. According to the manufacturer 
this product has been extracted with hexane and sub- 
jected to a minimum amount of heat treatment. 


vitamin supplements(7) modified to include 
40 pg vit. Bis. When 0.45% DL-methionine 
supplemented the basal ration it replaced an — 
equal weight of sucrose. Two types of feeding — 
trials were conducted: ad libitum feeding 
(Exp. A), and paired feeding (Exp. B). In 
Exp. A,. young weanling rats (littermates of | 
the same sex) weighing 35-50 g were distrib- 
uted into the following groups: (I) raw soy; — 
(II) raw soy + methionine; (III) heated soy; 
(IV) heated soy + methionine. Each group 
was composed of 3 females and 5 males; 
within each group rats of the same sex were ' 
housed together in separate cages. Food and 
water were furnished ad libitum, and’ the 
weight and food consumption were recorded 
daily for 6 weeks. The design of Exp. B was 
identical to that of Exp. A except that each 
animal was housed in an individual cage, and 
the food intake of each animal in groups II, 
IIT, and IV was restricted to that of its litter- 
mate in group I. During the last week of the 
experiment all animals were transferred to in- 
dividual metabolism cages for a period of 3 | 
days to permit collection of the feces. The 
feces were dried in an oven (overnight at 
105°C), weighed, ground to a fine powder in 
a Wiley mill, and 2 g samples were analyzed — 
for methionine using the method of Horn 
et al.(8). Representative samples of each 
ration were likewise analyzed for methionine. 
From these data, in conjunction with a meas- 
ure of the food intake during this period, the 
amount of methionine absorbed was calcu- 


lated. At the end of 6 weeks, the animals 
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aa Growth, Absorption of Methionine, and Liver Xanthine Oxidase Activity of Rats Receiving 
iets Containing Raw or Heated Soybean Protein with and without Added Methionine.* 
eee 


ee Diet . Methioni i idase activi 
Soybean Methionine Wt gaint Food intake Shbeat: eerwre coee ee 
Group flour added (g/6 wk) (g/day ) (mg/100 g rat) dry wt mm’Q,/hr/g N 
Exp. A: Ad libitum feeding 
I Raw 0 69 += 7.5 6.4 69 + 3.7 332 = 70 5800 + 1310 
II 45% 120+ 9.6 8.0 159 + 4.3 785 = 95 9700 + 1500 
It Heated 0 122+ 8.7 8.5 63 + 2.4 650 + 82 7800 + 1420 
IV 45% 152 +12.4 9.6 147 + 4.4 792 84 10200 + 1630 
Exp. B: Paired feeding 
I Raw 0 65, = 5.3 6.3 + 4 54 + 4.6 357 + 48 5200 + 580 
aT vi 459% 84+ 7.3 6.3 + .4 153 + 8.4 769 + 65 10800 + 1810 
IIL Heated 0 83 + 6.0 6.38 + .4 55 + 2.6 643 + 92 8200 + 1310 
IV re 45% 86 + 6.6 6.3 + 4 154 + 9.7 787 +103 11000 + 1760 


* All values are means + stand. error of the mean based on 8 rats per group. 
t Based on the ‘‘t’’ test(15) significant differences between groups are as follows: Exp. A and B— 
I vs II, UI, IV (P <.01); Exp. A—IV vs II, III (P <.01). All other differences are not considered 


Significant. 


{ Stand. error of the mean could not be caleulated since individual food consumption data were not 


available in the ad liditum feeding trials. 


Methionine ingested (mg)—methionine in feces (mg) 


100. Based on food intake and fecal excre- 


Body wt (g) 


tion covering 72 hr. ‘‘Body wt’’ is the avg wt during this same period. 
|| Based on the ‘‘t’’ test(15) significant differences on either a dry wt or N basis are as follows in 
both=bxp, A and B: I vs 11, LL, IV (P’<.01); Ii vs IIL (P <.05); and IIL vs LV (P <.05). All 


other differences are not considered significant. 


were sacrificed by decapitation, and the livers 
removed and placed immediately on cracked 
ice. Homogenates were prepared and the 
xanthine oxidase activity determined in the 
manner described by Axelrod and Elvehjem 
(9). In any one run littermates representing 
each group were selected to provide a more 
valid comparison between groups. Aliquots of 
the homogenates were removed for dry weight 
and nitrogen (micro-Kjeldahl) determina- 
tions. In order to compensate for possible 
variations in liver composition, enzymic activ- 
ity was calculated on a nitrogen as well as a 
dry weight basis. 

Results and discussion. The data presented 
in Table I clearly illustrate the beneficial 
effect on growth produced by heating the soy- 
bean flour or by adding methionine to diets 
containing the unheated flour, this effect be- 
ing more marked with ad libitum feeding. In 
the latter instance also, methionine added to 
the ration containing heated soybean flour 
elicited a further growth response indicating a 
suboptimal level of methionine even in the 
heated soybean protein. The activity of 
xanthine oxidase in the liver, calculated on 
either a dry weight or nitrogen basis, was like- 


wise increased as a result of heat treatment 
or methionine supplementation. Heat treat- 
ment, however, was somewhat less effective 
in this respect than the addition of methio- 
nine. These data show further that a differ- 


ence in the quantity of methionine absorbed 


can be excluded as a possible cause for the 
enhancement of growth and xanthine oxidase 
activity effected by heating the soybean 
flour. The results of the paired feeding ex- 
periment also exclude the possibility that a 
difference in food consumption is a factor con- 
tributing to the low level of xanthine oxidase 
activity in the livers of rats consuming the 
unheated soybean meal. 

One is therefore led to the conclusion that 
the methionine derived from unheated soy- 
bean protein must be inefficiently utilized not 
only for growth but also for the maintenance 
of normal levels of xanthine oxidase in the 
liver. A closer inspection of the data, how- 
ever, reveals that another factor in addition 
to the availability of methionine is affecting 


t This statement is based on the assumption that 
the short term experiment involving the measure- 
ment of methionine absorption is a true reflection of 
the entire experimental period of 6 wk. 
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growth. This is particularly apparent if 
groups II and IV in Exp. A are compared with 
respect to growth and enzymic activity. Al- 
though the xanthine oxidase values of these 
2 groups would indicate little difference in the 
availability of the absorbed methionine, the 
growth attained by the rats in group IV was 
significantly greater. The nutritional su- 
periority of heated soybean flour over the raw 
flour under conditions wherein methionine is 
no longer limiting has been attributed in part 
to the growth-inhibiting effect of “soyin,” a 
toxic protein recently isolated from unheated 
soybean flour(10,11). Since ‘‘soyin” was 
found to limit growth by causing rats to eat 
less food(11), it is not unexpected that the 
restriction of food intake in the presence of 
added methionine obliterates the difference in 
growth response observed in ad libitum feed- 
ing trials (compare groups II and IV in Exp. 
A and B). 


These results further emphasize the neces- 
sity for specifying the function of an amino 
acid when referring to its availability from 
dietary protein. It had previously been re- 
ported that the methionine derived from raw 
soybean protein was equivalent in lipotropic 
activity to that originating from the heated 
protein(12). On the other hand, the data 
presented here show that the methionine re- 
quirements for growth and xanthine oxidase 
activity are only partially met with the un- 
heated soybean flour as a source of protein. 
Since changes in xanthine oxidase activity, 
which accompany modification of the dietary 
protein, have been shown to involve a syn- 
thesis of the enzyme per se(13), it appears 
that both growth and xanthine oxidase activity 
are functions dependent upon a synthesis of 
protein. Carroll e¢ al.(14) reported evidence 
which indicates that the bulk of the nitrogen 
from unheated soybean protein is not ab- 
sorbed until it reaches the cecum or colon, an 
effect presumably due to the trypsin inhibitors 
known to be present in the raw meal. It is 
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possible that the methionine absorbed from 
the large intestine is rendered ineffective as a 
participant in protein synthesis -without suf- 
fering any impairment in its function as a 
donor of labile methyl groups. 

Summary. Xanthine oxidase activity in 
livers of rats consuming soybean protein was 
increased by feeding heat-treated soybean 
flour or by adding methionine to diets contain- 
ing the unheated flour. Since there was. no 
difference in the degree to which the meth- 
ionine was absorbed, it was concluded that 
heating increased the availability of meth- 
ionine for the synthesis of enzyme protein. 
The poor growth on raw soybean flour was not 
entirely due to an impairment in the avail- 
ability of methionine. 
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Antibody Decline in Rhesus 
(20154) / 


W.-Woop, Erna M. Crark, F. T. SHrmapa, R. C. Ritcuiz, D. B. W. ReEtp, AND 


A. J. RHODEs. 


(Introduced by R. C. Parker.) 


From the Connaught Medical Research Laboratories, University of Toronto, and The Hospital for 
Sick Children, Toronto. 


We have previously reported that the in- 
tramuscular inoculation of monkey immune 
serum conferred a significant degree of pro- 
tection on rhesus monkeys challenged intra- 
cerebrally with 50 or 100 PDso of Lansing 
virus(1). These animals were bled at weekly 
intervals for 6 weeks following the inoculation 
of serum in order to correlate the outcome of 
challenge with serum antibody titer, for it 
appeared probable from the studies of Mor- 
gan(2) that a titer of 3.0 would ensure pro- 
tection. As an additional contribution to the 
study of passively administered poliomyelitis 
antibody in monkeys, we now report our find- 
ings in a group of 9 rhesus monkeys that sur- 
vived a cerebral challenge with Lansing virus. 
The antibody titers have been determined on 
surviving monkeys in a passive protection ex- 
periment previously referred to as Exp. No. 
2(1). Bodian(3) has reported that the intra- 
muscular inoculation of human gamma globu- 
lin containing poliomyelitis antibodies pro- 
tected a significant percentage of rhesus 
monkeys against intramuscular challenge with 
poliomyelitis strains. In a group of uninfected 
animals inoculated with gamma_ globulin, 
Lansing antibody declined at a constant 
logarithmic rate. 

Materials and methods. Details of passive 
protection experiment. The details of Exp. 
No. 2 have already been given(1). To sum- 
marize, 20 control rhesus monkeys were in- 
oculated intramuscularly with 5 ml of normal 
rhesus serum per ]b of body weight. A group 
of 20 monkeys of similar weight received the 
same dosage of Lansing hyperimmune rhesus 
serum (titer 3.5 in mice). On the day follow- 
ing the inoculation of serum, all 40 animals 
were challenged by the thalamic route with 50 
PDs) of Lansing virus monkey cord pool. 
Small amounts of blood (5 ml) were taken 


* Aided by a grant fom the National Foundation 
for Infantile Paralysis. 


from all monkeys the day prior to the inocula- 
tion of serum and at weekly intervals there- 
after, for 6 weeks. Of the 20 monkeys in the 
control group, one died of bacterial menin- 
gitis; 18 of the remaining 19 developed typical 
prostrating paralysis. The single monkey that 
escaped paralysis (A409) showed no histologic 
evidence of poliomyelitis. Of the 20 monkeys 
inoculated with immune serum, 3 died of 
bacterial meningitis and one of diarrhea. 
Only 4 of the remaining 16 developed polio- 
myelitis; the 12 surviving animals showed no 
clinical or histologic evidence of poliomyelitis. 
Antibody determinations. Monkey sera were 
tested for the presence of Lansing virus neu- 
tralizing antibody by cerebral inoculation 
(0.03 ml), in groups of 8-10 mice (12-14 g), 
of mixtures of 10-fold dilutions of unheated 
serum and enough Lansing mouse pool virus 
to give a final 100 LDs5 9. This technic has 
been employed in these laboratories for sev- 
eral years. The mice were observed for 4 
weeks, and the 50% neutralizing endpoints 
calculated by the Karber method (4). 


Results. Antibody titers in monkeys receiv- 
ing normal monkey serum, The serum of 
monkey A409, that failed to develop paralysis 
when challenged, neutralized Lansing virus 
(serum titer 1.6); a similar result was ob- 
tained when heat-inactivated serum was 
tested. The sera of all other monkeys were 
free of Lansing antibody. Antibody titers in 
monkeys receiving immune monkey serum. 
Four animals in this group died from non- 
specific causes and their sera were not tested 
further. The antibody titers in the 4 mon- 
keys that developed prostrating paralysis, and 
in 9 of the 12 that remained healthy, are 
shown in Table I (antibody levels were not 
determined on the remaining 3 monkeys). 
All sera obtained before inoculation were free 
of Lansing antibody. The average titer of 
sera obtained one week after inoculation in 
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PASSIVE IMMUNITY IN POLIOMYELITIS 


TABLE I. Lansing Antibody Titers in Monkeys in Passive Protection Experiment (No. 2). 
Seen eee eee ——————————eeeeeees 


/—50% serum titers at following periodst 4 


Reference Result of cerebral Before ve 
No. of challenge (50PD;,  inj.of © —— Wk after inj. of serum —- 
monkeys of Lansing virus) * serum 1 2 3 4 6 
A423 0 1.0 
424, Prostrating 0 2.1 1.75 
437 paralysis 0 2.0 1.6 1.2 
442 0 2.4 1.8 
Avg 50% serum titers: 2 fou geal ET 
A425 0 2.1 ILE: 1.3 1.3 4 
426 0 1.4 1.0 1.0 9 2 
427 No evidence of 0 2.2 2.0 1.0 8 9) 
428 poliomyelitis 0 ag 1.3 8 A —1 
430 clinically or 0 1.8 1.0 1.5 3) 5 
431 histologically 0 2.2 el 9 1.0 0 
432 0 1.5 ater 1.2 1.2 8 
433 0 2.2 Eg 1.6 8 fi 
434 0 1.6 1.0 iEal 6 0 
Avg 50% serum titers: 1.88 1.43 1.16 83 .29 


* Challenge carried out on day following inoculation of 5 ml normal or immune serum/lb 


body wt. 
+ Titers expressed as negative logarithms. 


the 4 monkeys that became paralyzed was 
1.87, and in the 9 monkeys that did not de- 
velop paralysis, 1.88. In these 9 monkeys, 
titers fell to a level that was just detectable 
6 weeks after injection of antiserum. The 
average titers in the 9 monkeys mentioned are 
plotted in Fig. 1, from which it may be seen 
that the relationship between the average 
titers and the time following the injection of 
antiserum is linear over the period one to 6 
weeks, the concentration of antibody falling 


Q Ui T T T 
[o) 
GARI 
oO L 
W L 
Se ibe | 
ONES 
2 | * 
ste 
a 
ai ell 
& 1.5} . 
o i 4 
Zan 
a 5 J 
= 1.0; | 
ae ale | 
= L ? 
eee: a 
Ww 4) 
aA Mats ] 
30 0-5 ] 
° 
o [ : 
> il 
i 1 i t A 
M l 2 3 OT Re Laer see 


WKS FOLLOWING INJECTION OF IMMUNE SERUM 


FIG. 1. Rate of decline of Lansing antibody in 

serum of 9 rhesus monkeys challenged by the cere- 

bral route with Lansing virus in passive protection 

experiment, and failing to develop evidence of 
poliomyelitis. 


at a constant logarithmic rate of 10.2% per 
day. If one assumes that the antibody de- 
clined at the same rate during the first week 
following injection of serum, then the half- 
life would be 6.8 days, and, by extrapolation, 
the initial serum titer would be approximately 
tale 

Discussion. No essential difference was 
found between the average neutralizing titers 
of sera obtained one week following the in- 
jection of antiserum in 9 monkeys that re- 
mained healthy following challenge, and in 4 
that developed poliomyelitis. An initial anti- 
body titer of approximately 2.1 was sufficient 
to protect 9 of 13 challenged monkeys. Pre- 
sumably, therefore, a titer in excess of this 
figure would protect all monkeys challenged 
with 50 PD of Lansing virus. The rate of an- 
tibody decline in the 9 rhesus monkeys inocu- 
lated with Lansing immune rhesus monkey 
serum, and which survived a cerebral chal- 
lenge without developing clinical or histologic 
evidence of poliomyelitis, was almost exactly 
the same as in a number of normal monkeys 
receiving human gamma globulin in the ex- 
periments of Bodian(3). The half-life of the 
passively administered antibody was 8.0 days 
in the study of Bodian and 6.8 days in our 
experiment. A similar figure (6.6 days) was 
obtained by Dixon et al.(5), who studied the 
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elimination in rhesus monkeys of homologous 
gamma globulin labelled with I"*1, 


In the study of Bodian, the initial serum 
antibody level was found to be approximately 
2.0 in monkeys receiving 10 ml of human 
gamma globulin per kilo body weight. A 
similar initial serum antibody titer was de- 
termined by extrapolation in our experiment 
in which the monkeys received a correspond- 
ing dosage. The Lansing antibody titer of the 
gamma globulin used by Bodian was 2.8, and 
the immune monkey serum used in our study 
had a titer of 3.5. It should, however, be 
realized that the 2 studies are not precisely 
comparable, because the monkeys used by 
Bodian were normal, whereas our monkeys 
had received an injection of Lansing virus 
intracerebrally. 


Our observations on the fate of Lansing an- 
tibody in rhesus monkeys were made as part 
. of a wider program on passive immunity, in 
which experiments were carried out on hu- 
mans. In a study previously reported(6), we 
found that when human gamma globulin con- 
taining Lansing antibody was administered to 


6 children and 4 adults, whose serum was. 


initially free, antibody could be detected in 
small amounts up to the 6th week following 
injection. It is of considerable interest that 
in the extensive field trials of Hammon e¢ al. 
(7-9), human gamma globulin showed a pro- 
tective effect against the development of para- 
lytic poliomyelitis for 5 to 6 weeks. These 
observations suggest that the half-life of 
poliomyelitis antibody passively injected into 
humans is considerably longer than the period 
of 7 to 8 days for the same antibody injected 
in rhesus monkeys. In the studies of Dixon 
et al.(5), the half-life of human gamma globu- 
lin was found to be approximately 13 days for 
adults, and 20 days for children up to 8 years 
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of age. The half-life of placenta-passing Rh 
antibodies in newborn infants was found by 
Weiner(10) to be approximately 30 days. 

Summary. 1. Serum antibody titers have 
been determined in a passive protection ex- 
periment in which rhesus monkeys were in- 
oculated intramuscularly with Lansing anti- 
serum prepared in rhesus monkeys; the mon- 
keys were challenged thalamically with 50 
PDs of Lansing virus. 2. Four of these 
monkeys developed paralysis, and 9 remained 
clinically and histologically normal. 3. Aver- 
age serum antibody titers in samples removed 
one week after inoculation were 10-1*” in the 
paralyzed group, and 107-8 in the unaffected 
group. 4. By extrapolation, the initial anti- 
body titer was estimated to be 10°71. The 
average titer 6 weeks after inoculation was 
10°-°9, 5. The rate of decline of antibody in 
the 9 monkeys that survived the cerebral chal- 
lenge was constant, the half-life being 6.8 
days. 
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Oral Administration of Co® Vitamin B,. in Pernicious Anemia.* (20155) 


Leo M. MEvVeErR. 
From the New York University Medical Service, Goldwater Memorial Hospital, N. Y., and the 
Hematology Clinic, Swedish Hospital, Brooklyn, N. Y. 


Welch et al.(1) reported the fecal excretion 
of 70-95% of radioactive cobalt after an 
orally administered dose of 0.5 pg of Co®® vit. 
Bis in pernicious anemia in remission. The 
addition of normal gastric juice or concen- 
trated hog stomach reduced the excretion to 
5-30%. One subject excreted 70, 95, and 
95% activity of 3 administered doses. When 
10.0 mg of hog stomach concentrate were in- 
gested, the stools contained only 25% of this 
activity. One hundred mg of this extract did 
not affect the amount excreted. Smith(2) 
demonstrated in the rat that orally adminis- 
tered Co? vit. By. is found in the stool largely 
in a conjugated or degraded form but not as 
ionized cobalt(2). 


The present study was undertaken to deter- 
mine the effect of various agents on the ex- 
cretion of radioactive cobalt after oral ad- 
ministration of Co® vit. Bys to 4 patients with 
pernicious anemia. All were in satisfactory 
clinical and hematologic remission. One of 
the persons was receiving 30 pg of vit. Bio 
intramuscularly twice weekly, another 30 pg 
parenterally every 2 weeks. The 2 remaining 
cases had not been treated for 6-9 months 
because of failure to attend the clinic. The 
subjects were in the lower economic group but 
apparently consumed adequate nutritional 
diets. No effort was made to limit the diet 
in any respect during the period of the experi- 
ment. The radioactive vit. By. used in these 
studies had a specific activity of about 245 
pwc per mg. A standard was prepared consist- 
ing of 1.0 pg diluted in 280 cc of water and 
set up in a paraffin lined sealed waxed card- 
board container. Measurements were made 
by placing the container directly on a well 
shielded scintillation counter. The dose ad- 


* Radioactive vit. By2 was supplied by Merck and 
Co., Rahway, N. J. Expenses for these studies were 
partially defrayed by grants from E. R. Squibb and 
Sons, New Brunswick, N. J., and Lederle Labora- 
tories Division, American Cyanamid Co., Pearl River, 
IS]5 Ma 


TABLE I. Radioactivity of Stools Following Oral 
Administration of 1.0 yg of Co® Vit. By to 7 
Normal Subjects. 


Total fecal Days to 

excretion reach max. 

Patient Age of Co, % excretion 
EWN 53 12 5 
N.N. 48 21 5 
NA. 30 39 3 
N.R. 30 30 3 
FA. 24 36 9 
L.M. 47 47 4 
S.M. 28 59 3 


ministered to the patients (1.0 ug) was ad- 
justed to equal the activity of this standard. 
It was given in the morning in 280 cc of water. 
Breakfast was withheld until noon. Each 
person was instructed to defecate into a waxed 
container identical in size with the standard. 
These were identified by name, date, and time 
of evacuation. Specimens of stools were 
diluted with water to 280 cc and stirred until 
a homogenous mixture was obtained. Calcu- 
lations of excretion were based on a compari- 
son with the known standard. Two to 3 stools 
were collected and measured for radioactivity 
after background values were attained. No 
urine excretion studies were made in _ per- 
nicious anemia cases. After base line fecal 
excretions were determined the patients re- 
ceived in addition to 1.0 ug of Co® vit. Byes 
2.0 mg of folic acid, 15.0 mg of a known potent 
intrinsic factor prepared from hog duodenal 
mucosa, 50.0 g of ventriculin,t a “primary 
period” of 10.0 mg of folic acid orally, daily, 
for one week prior to administration of the 
radioactive vit. By, 150 cc of neutralized 
normal gastric juice (3 cases) and 2.0 g of 
aureomycin daily for 6 days (3 cases). Five 
healthy normal persons and 2 patients in mild 
cardiac decompensation served as controls. 
Urine from this latter group was examined for 
radioactivity. 

Results. Summaries of the data are pre- 


t Manufactured by Parke, Davis and Co., Detroit, 
Mich, (Two different batches used.) 


Co® VITAMIN By2 IN PERNICIOUS ANEMIA 
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TABLE II. Radioactivity of Stools Following Oral Administration of 1 ug of Co® Vit. B;. and 
Various Agents to 4 Patients with Pernicious Anemia in. Remission. 


Co” By» pre- 


ceded by 1 CoB, + 


Co® By + Co?®Bi.+ Co®B,.+ wkofl0mg 150 ce gas- Co®B,.+ 
Co® B,., intrinsic 50gven- 2megfolic folicacid triejuice, aureomy- 
Patient Age % factor, % triculin,% acid, % daily, % % cin, % 
MS. 50 98 80 90* 99 94 70 96 
91t 
1G I9e 65 93 51 75* 55 91 73 93 
89 

J.M. 68 99 85 99t 95 96 — — 
L.G. 52 97 98 98t 99 92 67 97 


* Ventriculin A. + Ventriculin B. 
sented in Tables I and II. It is evident that 
under the conditions of this experiment the 
normal subject excreted between 12 and 59% 
activity of the orally administered dose of 
Co® vit. By. in 3 to 9 days. Unfortunately, 
the supply of material did not permit repeated 
studies in the same subjects to determine if 
the amount excreted is constant for the indi- 
vidual. Such investigations are now being 
_ pursued with a radioactive compound having 
a lower specific activity. The 2 persons (L.M. 
and S.M.) showing 47% and 59% excretion, 
respectively, had adequate free HCl in the 
gastric juice. Urine specimens from cases 
H.N. and N.N. failed to disclose any radio- 
activity for periods up to 8 days after inges- 
tion of vit. Byo. 

The patients with pernicious anemia showed 
an excretion of radioactivity varying from 
89-99% of the administered dose. Addition 
of 2 mg of folic acid had no effect in 3 subjects 
but significantly reduced the excretion about 
39% in patient L.F. Oral administration of 
10 mg of folic acid for one week prior to in- 
gestion of Co® vit. Biz produced no change 
from the “pernicious anemia pattern” in any 
of the cases. With the use of a known potent 
intrinsic factor patient L.F. showed a reduc- 
tion in excretion of about 45% but no sig- 
nificant change was observed in the other 3 
patients. She also had a decrease in excretion 
when the dose of Co® vit. By2 was given with 
50 g of ventriculin, whereas the other patients 
maintained a high excretion rate. The 3 sub- 
jects given 150 cc of neutralized normal 
gastric juice showed a reduction of about 30% 
in excretion. Aureomycin, 2.0 g daily for one 
week, had no effect. 


In a series as small as the present one it is 
difficult to reconcile these results with those 
of Welch and his coworkers(1). The latter 
administered 0.5 ng of Co® vit. By (0.03 pc), 
whereas in the present study each patient 
received 1.0 »g with a specific activity of 
0.245 pc. More patients with pernicious 
anemia, both in relapse and in remission, are 
being investigated, using a compound having 
a specific activity of 0.03 pc/ng. 

Conclusions. Following oral administration 
of 1.0 ng of Co vit. By: 1. Seven normal 
persons excreted 12-59% of radioactive cobalt 
in the stool in 3-9 days. 2. No activity could 
be found in the urine of 2 normal subjects up 
to 8 days after ingestion of the vitamin. 
3. Four patients with pernicious anemia in 
remission excreted 89-99% of the dose in the 
stool. 4. In 3 of these cases 2 mg of folic 
acid, 10 mg of folic acid for one week, 50 g of 
ventriculin, and 15 mg of intrinsic factor had 
no appreciable effect on the amount excreted. 
5. In one case 2 mg of folic acid and 15 mg of 
intrinsic factor reduced the excretion of Co®° 
about 40%, and 50 g of ventriculin cut the 
fecal activity about 25%. 6. In 3 patients 
2 g of aureomycin for one week had no effect 
and 150 cc of neutralized normal gastric juice 
reduced the fecal activity about 30%. 


The author expresses his deep gratitude to Dr. 
E. H. Reisner, Jr..and Dr. Robert F. Schilling who 
supplied him with Co? vit. B,, after the initial 
supply was exhausted. 


1. Welch, A. D., Scharf, V., Heinle, R. W., and 
Meachum, G. C., Fed. Proc., 1952, v11, 308. 
2. Smith, E. L., Brit. Med. Bull., 1952, v8, 203. 
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Effect of Vitamin B,;. on Wound Healing.* 


CHARLES W. FINDLAY, JR. 


(20156) 


(Introduced by Edward L. Howes.) 


From the Department of Surgery, College of Physicians and Surgeons, Columbia University and 
The Surgical Service, Presbyterian Hospital, New York City. 


Vit. By has been found to be an important 
growth factor in young animals(7,8,11) and 
several investigators believe the vitamin par- 
ticipates in protein synthesis(2,5,13,14). 
Numerous studies have emphasized the sig- 
nificance of body proteins in wound healing 
(1,3,9,10,12). It seemed appropriate, there- 
fore, to investigate the role of B12 in wound 
healing of animals with normal and depleted 
protein stores. 

Method. Sherman rats weighing about 300 
g were used. They were fed Rockland Chow 
diet prior to the study and under observation 
they were given one of 3 diets for 3 weeks 


before wound infliction and for 6 days post- 
operatively. A synthetic diet containing 19% 
protein originally used by Darrow(4) was 
given to one group of the animals. This was 
composed of: lactalbumin 18, Crisco 22, dex- 
trin 32, sucrose 25, cod liver oil 1, powdered 
yeast 2, bone ash 2, NaCl 1, and KH2PO, 2 g. 
The second group received a 0.9% low pro- 
tein diet containing the same components ex- 
cept that lactalbumin was omitted and the 
proportions of Crisco, dextrin and sucrose were 
increased to 26, 36 and 29 g respectively. 
Both ‘these synthetic diets had approximately 
the same caloric value of about 500 calories 


TABLE I. Weight Changes of Animals on Specified Diets and Medication* before and after Operation. 


2 a s ep 5 © 
fa oe ES o w TSN er | 5 ey 
a4 ~ 3 © eck o Sig 
“5 8 a oe mo Bic naa ae s 
Diett Medication 28 Eo Eee 4H SSS BS 2688 wees 
Balanced Saline for 6 6 2 383 358 15.6 4144 343 15.0 —4,2 
synthetic pi days 
M Saline 21 pr Ones 0G 344.3 Nef 12.5 845 16.7 ae 
and 16 p days 
Rockland Saline 21 pr MOY Oy 331 18.6 + 7.8 321 16.1 —3.0 
chow and 6 p days f 
Balanced Vit. Bis 6 p LOS eS Ott 339 STE +12.3 331 8.9 —2.4 
syuthetic days 
# Vit. By, 21 pr 8 279 312 13.5 +11.9 305 9.3 —1.9 
and 6 p days 
Rockland Vit. By 6 p 10 S322 325 + 9 
chow days 
Low protein Saline6pdays 17 324 279 12.6 SS115W8) 278 11.5 ae 
au Saline 21 pr HE capzte} 275 14.2 —16.4 270 11.6 Sky) 
and 6 p days 
if Vit.B,6pdays 14 296 252 10.9 —14.9 241 7.2 — 4,0 
Vit. By 21 pr 8 308 258 13 —14.8 250 8.9 —ayl 


and 6 p days 


“Rats given vit. B,. received .5 4/100 g body wt/day. Daily dosage of isotonic saline to all animals 


wt of rat 


200 


was 


t All specified diets given 3 wk before operation and 6 days post-operatively. 


¢ p = post-operation; pr = pre-operation. 


* This work supported in part by a grant from the 
Medical Research and Development Board, Office 


of the Surgeon General, Department of the Army. 


protein 


Rockland 
chow—low 


Balanced synthetic 
minus low protein diets 


———— bow protein diet ————_, 


chow diet 


Rockland 


TABLE IT. Data to Determine Effect of Vitamin B,. on Tensile Strengths of Wounds in Rats Fed Control and Low Proteim Diets. 
Balanced synthetic diet ———, 
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ee Ge estep S e per 100 g of diet. The rest were maintained 
= dg ‘oures = © on the Rockland Chow diet said to contain 
eB A s a 25% protein by analysis and with a caloric 
value of 320 calories per 100 g of diet. The 

Cape here > weights of the ‘animals were recorded daily 

dg ‘ourpes 1 x im and average daily intakes of food were de- 

10 TWAS) 99 BA termined. Percentages of weight change dur- 
ing the pre and postoperative periods were 

pales = calculated (Table I). The rats on all these 

sep doy) & Ss diets were given subcutaneously 0.5 u of vit. 
Sore - e By2 per 100 g of body weight in saline daily, 


while the controls received a comparable 


(a) designates that the difference is statistically significant. (b) the 


neither increased the food intake nor did it 
alter the weight changes in any group. This 
was evident in both the pre and postoperative 


® amount of saline daily. These solutions were 

“urupe d@ e e 3 given to some animals for the entire experi- 
Sjuo y'd aad Tt} a % mental period and to others only following » 

Pepeqed Sars | f & operation (Table II). Except as noted later, 

gall rats were killed on the sixth postoperative 

a | day. At this time the incidence of wound 

ee SS a infection was noted (Table AT )j2 The wounds 

dgupes®| Soo Sua & g of the non-infected animals were excised, di- 

10 eq “4TA Soir Nee AES re Se ha 8 ~vided into 1 cm strips and tested for tensile 

= strength as previously described(6). From 

= 3 each wound at least 3 segments were tested 

ee eee - = by a tensionmeter and the results were meas- 

ade Tey ‘1A | 0% A ae ear Hl ured in grams. The strengths of all strips 

= taken from a wound were totaled and divided 

> by the number of segments. This gave the 

step | 1 ke ae average tensile strength of the wound per cm. 

dg‘ouyes®?| SOR SOS of Sections were 'taken for microscopic study. 

LO Te “9TA e 7 Results. All rats gained weight on the 

balanced synthetic and Rockland Chow diets 

drape ae 2 e and those fed low protein diets for 3 weeks 

kyo ‘dyad 1| 4 S invariably lost weight. Giving vit. Bu» 

Las [o.@} (or) 
| 


waeMjod “BIA 


All wounds tested on 6th p day. Designated diets given for 21 pr and 6 p days. Vit. B,. dosage 0.5 u/100 g body wt/day. Isotonie saline dos- 


age was wt of rat/200. Student’s t-test at .01 levels used to determine significance. 


P CS periods (Table I). 
dg Cs cs sone _ e: = = Vit. Bis given either before and after opera- 
10 *q "TA 4 = tion or only postoperatively caused an in- 
& crease in the tensile strength of sixth day 
ae wounds in rats fed the synthetic diet con- 
stepdoy—| 2 - a taining 19% protein, and the same effect was 
wdqtzauywst| wre dwo os b noted when By was given postoperatively to 
to Tq “EA 4 si a = Rockland Chow fed animals. No difference 
te, a = was observed in the average tensile strengths 
b & 1S e = for groups given the vitamin both before and 
a ee | re after surgery, or only after operation. The 
cake - ae | F tensile strengths of wounds in animals main- 
ae £4 BHos|_ e's tained on the low protein diet showed a signifi- 
4S ES 8 es HA] sl cant retardation of wound healing when com- 
Aske ese se = pared to those fed the 19% or 25% protein 
os Ara Ar Bw = diets. The administration of B12 to the low 
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protein rats caused no significant increase 
in the strengths of their wounds. For results 
of statistical analysis of the above differences, 
see Table II. The low protein rats in general 
had a high incidence of wound infection by 
gross examination. (Table II). Vit. Biz did 
not check this complication. 

Sections of the wounds studied by micro- 
scopy showed the usual findings for normal 
and low protein fed animals. The latter 
showed diminished fibroplasia, derangement 
of the normal polarity of the fibroblasts and 
evidence of tissue edema. The administra- 
tion of vit. By. did not cause microscopic 
changes in the rats of any group. 

Since vit. By. when given to rats main- 
tained on balanced diets increased on the 
average the tensile strength of six-day-old 
wounds, it seemed important to know when 
this increased strength was acquired. Ac- 
cordingly, studies were made on wounds three 
to eight days old in rats fed balanced synthetic 
or Rockland Chow diets. Postoperatively they 
were given parenteral vit. By. or saline from 
the time of operation until death. With the 
animals on these diets, statistical analysis 
did not show any difference in the average 
change of tensile strength from the third to 
the eighth day when comparing the vitamin 
groups with the saline controls (Table III). 
It was determined, however, that the average 
tensile strength was significantly higher on 
the third day in the vitamin fed groups. Thus 
the stronger wounds previously noted at the 
sixth day in rats fed By could possibly be 
explained by greater acquisition of tensile 
strength by ‘the third day. This would indi- 
cate that the latent period of healing had been 
shortened in the rats given By. The con- 
tinued greater acquisition of strength, on the 
other hand, was not evident by the eighth 
day when the vitamin and saline groups were 
compared. In these two groups, more exten- 
sive data will be necessary to detect a signifi- 
cant difference in the change of average ten- 
sile strength from the third to the eighth day. 

Summary. 1) These data show that By» 
increased the tensile strength of wounds dur- 
ing the early phases of healing in rats fed 
balanced diets containing 19% or 25% pro- 
tein. This effect was evident at least by the 
third day in the wounds studied, and it was 
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TABLE III. Effect of Vit. B,, on Mean Tensile 
Strength of Wounds in Rats Fed Balanced Diets 
from Third to Eighth Day (See Text). 


Rockland chow Balanced synthetic 
diet diet 
Post-op Tensile Tensile 
days No. strength No. strength 
tested tested (g) tested (g) 
Vitamin B,,* 
3 3 54.9 4 51 
4 4 68.7 4 60 
5 6 80.8 5 96 
6 10 129.5 7 133 
ff ft 152.4 6 139 
8 5 170.0 5 173. 
Salinet 
3 3 39.7 4 42.6 
4 3 62.0 6 60.3 
5 5 80.7 5 81.8 
6 10 108.2 7 gL) 
7 5 140.0 6 127.4 
8 5 159.7 5 179.6 
* 0.5 u/100 g body wt/day. 
wt of rat 


1 Dosage of isotonic saline was 
200 


Respective diets were given 3 wk before surgery 
and postoperatively until animal was killed. 


most noticeable by the sixth day. 2) The 
wounds that were studied in the saline control 
and vitamin treated rats from the third to 
the eighth day showed no significant difference 
in their healing rates at the eighth day. 3) 
The delayed healing rate and increased inci- 
dence of wound infection in rats that were 
protein depleted by diet were not significantly 
altered by administration of vit. Byo. 


Grateful acknowledgment is made to Phyllis B. 
Michelsen, Division of Biostatistics of the Faculty 
of Medicine, Columbia University, for the statistical 
analyses. The vitamin By2 used in this experiment 
was donated by Merck, Inc., Rahway, N. J. 
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Parathyroid extract has been reported to in- 
crease(1) and to have no effect(2) on the 
alkaline phosphatase activity of the kidneys 
of rats. This difference now has been resolved 
by repeating the experiments with each of 
the separate laboratories performing simul- 


taneously both of the previously reported pro- 
cedures. 

Results. The results obtained in both 
laboratories were identical (Table I), The 
parathyroid extract? produced an increase in 
phosphorus excretion, but no change in the 


TABLE I. Inability of Parathyroid Extract to Change Alkaline Phosphatase Activity of Kidney.* 
(5 male rats per group.) 


————— Alkaline phosphatase, U/g —————_,, 
Homogenate at 5°, 18 hrt 
Urine P, : K-A — .—— Bodansky -—_, 
Treatment B. wt, g mg (24 hr) Kidney, ¢ pH 9.7 8.6 7 8.6 
‘ Bonelli and Sala 
Control 215 +10} Auk se aly 1.64 + .10 56 + 3.4 35 + 2.2 
PTH 1 ml 200 + 6 WO ae alae 1.52 + .05 54+ 6.4 32 eh 
Kochakian and Reed 
Control 209 = 6 Ti se 17 1:52 + .07 W11+5.0 462+ 4.9 36 5.2 19+2.1 
PTH 2 ml 210 + 6 24.1 + 2.6 1.51 + .04 113444 4622.9 34 + 3.5 IY SS loss 
Homogenate at 23-30°, 42 hrt 
- K-A — Bodansky ——, 
jolal ary 8.6 OF 8.6 
Bonelli and Sala 
Control 215 +10t SWSS ile 1.64 + .10 eas LR 18 + 4,2 
PAVED Tana 200 + 6 OG = 55 1.52 + .05 Ia a 13 + 3.4 
Kochakian and Reed 
Cortrol 209 + 6 Aol ae esl 1.52 + .07 89 3:9) 86 sei2 Yas a eAL 25 = 1.7 
PTH 2 ml 210 + 6 24.1 + 2.6 1.51 + .04 (52= 4,0) 845E.5.7 Pas Ch 2242.4 


<} 


* Autopsy 6.5 hr after inj. of parathyroid extract. 
+ Temperature and duration of autolysis. 


apzis 
¢ Stand. error of the mean, / 


Vie) 


* Publication No. 28, from the Oklahoma Medical 
Research Institute. 
t Part of this investigation was aided by a grant 


from the American Cancer Society. 
+ The parathyroid extract was provided by Eli 
Lilly and Co. 
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alkaline phosphatase activity of the kidneys. 
The larger dose of the parathyroid extract pro- 
duced a greater excretion of phosphorus(1). 
The method of autolysis of the homogenate, 
the type of substrate and the pH of the en- 
zyme determination did not reveal any dif- 
ferences between the two groups of animals. 
Similar results were obtained in rats studied 
at 2,4, 6, and 8 hours (Bonelli and Sala) and 
6 hours (Kochakian and Reed) after an in- 
jection of 1 ml of parathyroid extract. 

The divergent findings previously reported 
(1) were very likely due to observations based 
on an insufficient number of animals. 


ACTH on Urtnary AMINO ACIDS 


It should be noted that greater enzyme ac- 
tivities were obtained at pH 9.7, by the King- 
Armstrong (K-A) method, and by autolysis 
atno 

Conclusion. Parathyroid extract produces an 
increased excretion of phosphorus, but no 
change in the alkaline phosphatase activity 
of the kidney of male rats. . 


1. Bonelli, Mario, and Sala, Gianni, Arch. Intern. 
Pharmaco. Ther., 1949, v80, 456. 

2. Kochakian, Charles D., and Terepka, A. Ray- 
mond, Am. J. Physiol., 1951, v165, 142. 
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ETHEL RoNzoNnI, EUGENE ROBERTS, SAM FRANKEL, AND G. B. RAMASARMaA.t 


From the Department of Neuropsychiatry and the Wernse Laboratory of Cancer Research, 
Washington University School of Medicine, St. Louis, Mo. 


The present paper describes some changes 
produced by the administration of ACTH? on 
the urinary output of nitrogenous substances 
with particular emphasis on amino acids. 
Urine samples were obtained during 3 periods 
of study in 2 female psychotic patients. Since 
* the results for all 3 collection periods were 
similar, the results for only one will be dis- 
cussed in detail. Both of these patients re- 
sponded in a similar manner to each other and 
as reported for normal subjects in the litera- 
ture and other psychotic patients tested in this 
laboratory(1) with regard to drop in eosino- 
phils, sodium retention, potassium diuresis, 
and negative nitrogen balance (see Fig. 208 
of reference (1) for pertinent data on patient 
reported). A preliminary report has been 
made of this work (2). 

Methods. ‘The data reported are for a 29- 


* This investigation was supported by a research 
grant from the National Cancer Institute, National 
Institutes of Health, U. S. Public Health Service, 
and the Charles F. Kettering Foundation. 

+ Eli Lilly Research Fellow. Present address, 
Raptakos, Brett and Co., Bombay, India. 

¢ The adrenocorticotropic hormone used in these 
experiments was furnished by Armour and Co. 
through the courtesy of Dr. John Mote. 


year-old schizophrenic female who was studied 
for 4 days prior to administration of the hor- 
mone, 10 days during the administration of a 
daily dose of 150 mg of ACTH, and for 5 days 
after the cessation of the treatment. The hor- 
mone was administered 6 times daily in 25 mg 
doses via the intramuscular route. The various 
nitrogenous constituents listed in Table I-A 
were determined by customary procedures. 
The microbiological determinations shown in 
Table I-B were performed on urine dialysates 
by previously described methods(3). For 2- 
dimensional paper chromatography samples of 
urine were dialyzed to equilibrium against 3 
ml of glass-distilled water in a rocking dialyzer 
for 18-24 hours at 4°C. Samples correspond- 
ing to 1 x 10 of the 24-hour excretion were 
employed for chromatography. Aliquots of the 
dialysate were hydrolyzed for 18-24 hours in 
6 N HCl in a sealed tube at 110°, and the acid 
removed im vacuo prior to placing the samples 
on paper. Two-dimensional chromatograms 
were made of the protein-free dialysates before 
and after acid hydrolysis by the method of 
Consden ef al.(4), as extended by Dent(5,6). 
By visual inspection it was possible to compare 
the 24-hour excretion of the major free and 
bound amino acids from day to day. Urine 
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TABLE I. Influence of ACTH on Distribution of Urinary Nitrogenous Constituents. Results 
in g/Hr under A; mg/Hr under B. ; 


ACTH (150 mg/day )— 


Day ‘ 
Constituent Control 4. 8 10 Recovery* 
A 
Total N 10.0 11.4 18.1 17.9 abla 
a-amino N 10 41 44 43 .08 
Ammonia N .28 .63 99 OEE 23 
Urea N 8.72 9.00 14.56 14.90 9.88 
Uric acid N 20 29 43 41 ag 
Creatinine N 32 32 3 23 .29 
Undetermined N .38 75 1,38 1.08 44 
B 
Aspartic acid Ft 4 11 22 19 Z 
Ct 133 210 340 285 120 
Glutamic acidt F 30 31 46 50 23 
C 322 460 660 530 373 
Threonine F 23 61 287 313 22 
C 22 58 26 0 21 
Histidine F 158 305 526 520 100 
C tr§ Len tr tr tr 


* Second day after last inj. of ACTH. 


+ F — free; C—combined. Values for ‘‘free’’ amino acids represent microbiological re- 
sponse before acid hydrolysis, while ‘‘combined’’ values represent the difference between re- 


sults obtained after and before acid hydrolysis. 


t Prior to analysis the samples were autoclaved under conditions leading to virtually com- 


plete destruction of glutamine. 
§ tr = trace. 


samples obtained during the entire period of 
study were examined by these methods. 
Results. The results in Table I-A show the 
nitrogen distribution in the urine during typi- 
cal control and recovery days and for 3 days 
during the period of daily administration of 
150 mg of ACTH. All of the substituents 
studied except creatinine increased during the 
administration of the hormone. The propor- 
tionate increases in a-amino nitrogen and am- 
monia were greater and occurred before 
marked elevations were noted in the excretion 
of total nitrogen, urea, or uric acid. It was 
found that the total a-amino acid nitrogen of 
post-absorptive plasma was not significantly 
increased by hormone administration. The 
levels were 5.1 and 5.2 mg % on the 4th and 
12th days of hormone treatment, respectively, 
as compared to the control value of 4.8 mg %. 
The possibility is not ruled out that during 
hormone treatment the plasma levels of amino 
acids might have been significantly higher dur- 
ing active absorption of protein split-products 
after a meal, with the consequent excretion of 
those substances for which the renal threshold 
was exceeded for a short time. It has been 


shown by Dent and Shilling(7) that after the 
ingestion of proteins large rises occur in the 
concentrations of many amino acids in the 
portal blood of dogs and that there can be an 
accompanying amino aciduria. The increase 
in ammonia excretion occurred at the time 
that sodium retention began to exceed chloride 
retention, and could presumably be a result 
of the response of the kidney to increased 
acidity of the urine. During the first 4 days 
of ACTH administration there was a retention 
of 280 meq. of sodium and a loss of 40 meq. 
of potassium, or a net retention of 240 meq. 
of base, while the chloride retention was only 
100 meq. On the 4th day only 10% of the 
ingested sodium was excreted, while 90% of 
the potassium and 70% of the chloride ap- 
peared in the urine. At this time the pH of 
the blood had increased from 7.3 to 7.6 and 
the pH of the urine had dropped from 6.8 to 
5.0. 


Chromatograms of a urine sample before 
and after hydrolysis for a typical control day 
are shown in Fig. 1 and 2. Glycine was pres- 
ent in the highest concentration in the free 
form. Serine, alanine, glutamine, taurine, 
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Key to numbers on chromatograms: Leucines, 1; tyrosine, 2; valine, 3; a-amino-n-butyrie acid, 
4; taurine, 5; cystine (cysteic acid), 6; histidine, 7; alanine, 8; threonine, 9; g-alanine, 10; 


glutamine, 11; glycine, 12; serine, 13; aspar 


agine, 14; glutamic acid, 15; aspartic acid, 16; 


lysine, 17; X,-X;, unidentified substances. Some substances discussed in text were excreted in ; 
such small quantities that the spots did not appear on photographs, although they were easily 
detectable on original chromatograms. 


NG sale 


cystine, and glutamic acid were present in 
appreciable, but smaller amounts. In some of 
the samples there were detectable quantities 
or traces of histidine, a-aminobutyric acid, 
y-aminobutyric, valine, the leucines, tyrosine, 
lysine, threonine, 8-alanine, and aspartic acid. 
Upon acid hydrolysis there were large in- 
creases in the amounts of glutamic and as- 
partic acids, glycine, and B-alanine. Increases 
in these amino acids on hydrolysis of urine 
have been reported by Dent(6,7).- 

During the period of administration of the 
hormone there were increases in the excretions 
of a number of the constituents in the free 
form. ‘This effect was noted even in the first 
sample collected after the beginning of ad- 
ministration of the hormone, but appeared to 
reach its maximum intensity at 3 to 4 days 
after beginning of treatment, with the high 


level of free amino acid excretion continuing 
throughout the entire period of administration 
of the hormone. A typical experimental day 
is represented by the chromatograms obtained 
from the urine on the fifth day after the first 
administration of the hormone (Fig. 3 and 4). 
A comparison of Fig. 1 and 3 reveals that 
especially marked increases were found in free 
glycine, serine, alanine, taurine, glutamine, 
threonine, and lysine. The contents of cystine, 
histidine, and glutamic and aspartic acids were 
also somewhat increased. Of particular inter- 
est was the appearance of relatively large 
amounts of asparagine, an amino acid not 
found in the control samples. 
acid was identified by the characteristic 
orange-brown color, the position on the chro- 
matogram, the destruction on acid hydrolysis, 
and by the finding that known samples of 


kee 


This amino | 
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FIG. 1 and 2. 


asparagine, when added to the urine samples, 
migrated to the same position as the substance 
in urine and intensified the color. As in the 
controls (Fig. 2), there were marked increases 
in the content of glutamic and aspartic acids 
and -alanine after acid hydrolysis of the 
urine obtained during the hormone treatment 
(Fig. 4). However, almost all of the glycine 
‘was now found in the free form, little or no 
increase in glycine being found on acid 
hydrolysis. It is interesting in this connection 
that there was a decreased utilization of the 
nitrogen of N?°-labeled glycine for protein 
synthesis in normal and adrenalectomized rats 
receiving cortisone(8) and a decreased incor- 
poration of C!*-labeled glycine in hypophy- 
sectomized rats receiving ACTH(9). There 
‘was a precipitous drop in free amino acid ex- 
cretion on the first day after cessation of 
administration of the hormone to levels slight- 
ly below those found during the control period 


* 


PIG. 2. 


Chromatograms of unhydrolyzed and hydrolyzed urine samples obtained during 
a control day. 
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(Fig. 5), together with a disappearance of 
asparagine from the urine. After acid hydro- 
lysis (Fig. 6) the pattern of amino acids was 
very similar to that of the controls. Chroma- 
tograms made of samples obtained on the fol- 
lowing 4 days showed patterns virtually identi- 
cal with those found during the control period, 
both before and after acid hydrolysis. It 
thus appears that the influence of the hormone 
on amino acid excretion is rapidly reversible. 

The large increase in the glutamine content 
of the urine and the appearance of relatively 
large amounts of asparagine during the ad- 
ministration of the hormone are particularly 
interesting. Although there is much informa- 
tion concerning the metabolism of glutamine 
in animal tissues(10,11) there is little com- 
parable information about asparagine. Dent 
(6) has reported the presence of asparagine in 
“pathological urine”, although the nature of 
the pathological states was not specified. The 
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FIG, 3. 


recent finding that glutamine and asparagine 
play a significant role in transamination in 
liver(12) is of particular interest in this con- 
nection, and a study of the influence of the 
administration of ACTH and cortisone on 
these processes is suggested. It does not ap- 
pear likely that the increased excretion of 
glutamine in the present instance is caused by 
a diminished rate of its utilization for the 
formation of urea and ammonia, since there 
was actually an increased urinary excretion of 
both of these substances during administra- 
tion of the hormone (Table I-A). 


The microbiological determinations of 4 
amino acids (Table I-B) are in agreement 
with the chromatographic findings. Increases 
of threonine and histidine were almost entirely 
in the free form, while bound forms of gluta- 
mic and aspartic acids accounted for the chief 
increment in the latter amino acids. Con- 
sideration could not be given to the micro- 
biological availability of the bound forms of 
the amino acids, since their chemical nature 
was not known. However, the above results. 
indicate that the bound forms of aspartic and 
glutamic acids are largely not available to the 
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FIG, 4. 


S01 


FIG. 3 and 4. Obtained on fifth day after first administration of ACTH. 


test organisms. The values for free threonine 
and histidine found during the control period 
are in close agreement with those previously 
reported for normal individuals(13). How- 
ever, the maximal increases in the excretion of 
these amino acids upon administration of 
ACTH were much greater in the present study 
than in the one cited above(13). This may 
possibly be attributable to the fact that a 
40 mg daily dose of ACTH was employed in 
the latter study as compared to 150 mg in the 


present experiments. 

Discussion. The results reported herein are 
in keeping with those previously cited(8,13, 
also see bibliography in these references) 
which indicate that the administration of 
ACTH or cortisone can produce profound 
alterations in nitrogen metabolism. The multi- 
tude of alternative pathways, both physio- 
logical and biochemical, which might be 
affected prevents fruitful speculation at the 
present time about the mechanism of action. 
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FIG. 5. 


Considerable evidence(14) has been adduced 


for the conclusion that optimal utilization of 
amino acids for protein synthesis “requires 
the simultaneous availability of adequate 
amounts of all of the essential and non-essen- 
tial amino acids participating in the make-up 
of the given protein”. It would be expected 
that losses of essential and non-essential amino 
acids such as were found in the present study 
would decrease the potentialities for protein 
synthesis at various sites in the body. 

A study of the influence of cortisone on the 
patterns of free amino acids in the tissues of 
the developing chick embryo showed that the 
chief abnormality produced by the hormone 
was an accumulation of free hydroxyproline 
(15). In the present study the latter amino 
acid was not detected in the urine either dur- 
ing the control period or during the adminis- 
tration of ACTH. 


Summary. Typical results are presented 
showing the influence of ACTH administration 
in the human on the urinary excretion of nitro- 
genous substances. The hormone evoked 
notable increases in the excretion of amino 


acids, ammonia, urea, uric acid, and some un- 
determined nitrogenous constituents. Two- 
dimensional chromatograms revealed some of 
the detailed changes in the excretion of both 
free and bound amino acids. Microbiological 
determination of some of the amino acids gave 
results which were concordant with the chro- 
matographic findings. All of the urinary 
nitrogenous constituents returned to normal 
levels shortly after cessation of the treatment. 
The possible significance of some of the find- 
ings is indicated. . 


1. Gildea, E. F., Ronzoni, E., and Trufant, S. A., 
Biology of Mental Health and Disease. 27th Ann. 
Conf. of the Milbank Memorial Fund. Paul B. 
Hoeber, 1952, p. 600. 

2. Roberts, E., Ronzoni, E., 
Cancer Res., 1951, v11, 275. 

3. Roberts, E., Ramasarma, G. B., and Lewis, H. B., 
Proc. Soc. Exp. Brot. anp Mep., 1950, v74, 237. 

4. Consden, R., Gordon, A. H., and Martin, A. J. 
P., Biochem. J., 1944, v38, 224. 

5. Dent, C. E., Biochem. J., 1947, v41, 240. 

6. ———.,, Biochem. J., 1948, v43, 169. 

_7. Dent, C. E., and Schilling, J. A., Biochem. J., 


and Frankel, S., 


FIG. 6. 
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The Effect of Inanition on Liver Catalase Activity in Mice.* (20159) 


Josep K. Cringe, ErizaBeTH ScHoLz McEnIry, Ropert B. JOHNSON, AND 
CrcILE Morcan WEBB. 


From-the Cancer Research Department, Medical College of Alabama, Birmingham. 


Greenstein(1) reported that a 3-day starva- 
tion period caused no decrease of rat liver 
catalase, whereas Miller(2,3) showed a defi- 
nite lowering of the liver enzyme level in rats 
after a 7-day period. Rats on a protein-free 
diet for 7-10 days had a liver catalase activity 
of approximately 50% of normal(4). Begg 
(5) has recently reported that force-fed, tumor 
bearing rats still showed a decrease in liver 
catalase. The present study shows an effect 
of food and water withdrawal on mouse liver 
catalase. 

Methods. Twenty C3H mice and 26 C57 
black mice, 3 to 4 months of age of both sexes, 
were maintained on Purina Laboratory Chow 
and water ad libitum. Since the animals often 
reduced their food consumption when taken 
out of their regular cages, it was measured for 
3 days before the experimental period. The 
mice were then separated into the following 
categories: 1) animals receiving food and 
water ad libitum, 2) animals receiving food 
ad libitum with water withheld, 3) animals 
receiving water ad libitum with food withheld, 
and 4) animals receiving neither food nor 
water. The group was maintained in this 
manner for 24 hours, after which they were 
killed. Catalase activity in the livers was de- 


termined by our modification(6) of the mano- 
metric method of Perlmann and Lipmann(7). 
Calculations were made on both a wet weight 
and a dry weight basis. Erythrocyte catalase 
had no significant effect since it is much less 
active than liver catalase. The values are re- 
ported as the evolution of Oz per 44 x 10° g 
of liver, which is the actual amount of tissue 
used for assay. 

Results and discussion. Experimental re- 
sults are summarized in Table I. Following 
a 24-hour period of food and water depriva- 
tion, liver catalase was lowered by approxi- 
mately one-fourth in both strains. A some- 
what greater lowering occurred in the C3H 
strain, which had higher normal values. The 
difference between groups receiving water but 
no food and the group receiving neither, was 
not statistically significant. 

The decrease in animals deprived of water 
alone was about one-half of that in animals 
deprived of food or food and water, probably 
because they voluntarily restricted their in- 
take to about one-half the normal. 

Summary and conclusions. 1. A 24-hour 
withdrawal of food and/or water results in a 
lowering of liver catalase activity in mice of 
both C3H and C57 black strains. 2: Liver 


TABLE I. Effect of Inanition on Liver Catalase Activity. 


Catalase activity 


No. of ; - - ——, Avg of % of nor- 

Strain mice Diet Wet tissue Dry tissue mal food intake 
C3H 5 Food and water 2.15 +.34 6.98 £1.24 

57b* i ad lib. 1614+ .14 4.89 + .42 

3H 5 Food ad lib., 191+ .22 5.94-+ .70 51.8% + 7.6 

o1b* vi no water 150+ .19 442+ .60 63.1% + 13.4 

3H 5 Water ad lib., 169+ .22 481+ .67 

o7b* 5 no food 1.312 .15 3.52)-+ 48 

3H 5 No food, no L707) 4.75 + 1 

Dib 7 water 1.35211 3.71+ .40 

* b = black, hts ate, i 


* Aided by grants from the Cancer Control Branch 
of the National Cancer Institute, National Institutes 


of Health, U. S. Public Health Service, and the 
Alabama Division, American Cancer Society. 


Hepatic VEIN LIGATION 


catalase measurements in tumor bearing or 
treated mice are significant only if food and 
water intake are controlled. 
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Effect of Complete Hepatic Vein Ligation on Portal Pressures and Ascites 


Formation in Dogs with Porta-Caval Shunts.* 


(20160) 


FREDERICK S. Cross, Francisco L. Rarrucct, Ropert W. Toon, AND 
OWEN H. WANGENSTEEN. 


From the Department of Surgery, University of Minnesota Medical School, Minneapolis. 


Bollman(1) stated, “Because of the ana- 
tomic relation of the liver to the inferior vena 
cava, no suitable technic has been devised for 
direct constriction of the hepatic veins.” 
Simonds and Brandes(2) and Brandes(3) 
studied the effects of obstructing the hepatic 
veins by use of a mass ligature technic em- 
ploying a soft rubber tube as a tourniquet to 
occlude the veins. Child and associates(4) 
occluded the hepatic veins in the Macaca 
mulatta monkey by placing a polythene tube 
in the inferior vena cava held in place by a 
ligature above and below the entrance of the 
hepatic veins. Most investigators have relied 
on supra-diaphragmatic constriction of the in- 
ferior vena cava to produce increased intra- 
hepatic and portal pressures in the study of 
ascites production. The purpose of this study 
was to develop a technic for complete indi- 
vidual occlusion of the hepatic veins, and to 
determine the effects of such occlusions on 
portal pressures, liver function, pathologic 
changes in the liver, and ascites formation. 

Methods. Healthy mongrel dogs were used. 
Preliminary efforts showed that total ligation 
of the hepatic veins resulted in 100% mor- 
- tality. Immediately after occlusion of the last 


* This investigation received support from: Augus- 
tus L. Searle, Austen S. Cargill, Mr. and Mrs. R. C. 
Lilly, Jay and Rose Phillips Funds for Surgical 
Research and the Graduate School of the University 
of Minnesota. 


hepatic vein the inferior vena cava collapsed 
almost completely and the animals died in 
acute shock from pooling of blood in the portal 
system in a period of 5 to 30 minutes. If the 
compression of the portal outflow was released 
just before the heart stopped, the dogs recov- 
ered completely. In each case the last vein to 
be occluded was the large proximal vein just 
below the diaphragm which drains all of the 
liver except the right lateral lobes (Fig. 1). 
If this vein was left untied, dividing all of the 
others, the dogs survived indefinitely with no 
ill effects. To attain survival in dogs with 
total ligation of the hepatic veins a porta- 
caval shunt had to be done in conjunction with 
the ligation. This allows portal blood to flow 
directly into the inferior vena cava, and the 
hepatic artery inflow to the liver then escapes 
into the inferior vena cava in a retrograde 
manner through the proximal segment of the 
portal vein and the porta-caval anastomosis. 
Fifteen dogs weighing 11 to 22 kg were pre- 
pared and studied in this manner. A thoraco- 
abdominal approach through the right tenth 
interspace, dividing the diaphragm from its 
costal attachment to the hiatus of the inferior 
vena cava, was employed to divide the hepatic 
veins. The vena cava in this area not only is 
intimately adherent to the diaphragm, but also 
is surrounded by liver, and must be dissected 
from these attachments before the division of 
the individual hepatic veins is begun (Fig. 2). 
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FIG. 1. Drawing illustrating major hepatic veins emptying into the inferior vena cava and 
areas of liver drained by them. Note diaphragmatic vein emptying into large proximal hepatic 
vein, Inset shows the possibility of collateral circulation behind a ligature placed on this vessel. 


The dissection is started distally separating 
the inferior vena cava from its investing 
sheath and is then carried proximally by 
gently dissecting the vena cava from its liver 
bed dividing the hepatic veins between liga- 
tures of 2-0 silk as the veins are encountered. 
The 2-0 ligatures are reinforced with stick ties 
of 3-0 silk. There are innumerable small ves- 
sels present in addition to the 5 large veins 
shown in Fig. 1. This part of the dissection 
is made difficult by the fact that the hepatic 
veins are large and bifurcate very close to 
their junction with the inferior vena cava. To 
give added length to the veins the liver sub- 
stance is dissected back for a short distance 
along the veins. If the hepatic veins are 
divided too close to the inferior vena cava, 
part of the wall of the latter vessel is included 
in the ligature, which not only partially oc- 
cludes the lumen of the inferior vena cava, 
but also increases the hazard of slipping of 
the ligatures. The large proximal vein is 
merely ligated instead of ligated and divided 
because of its size and difficulty of exposure. 
Before this last vein is occluded, a side to side 
porta-caval anastomosis is done utilizing a 
single Pott’s clamp. The full available width 


of the clamp is used resulting in an anasto- 
mosis measuring 1 x 2 cm. When the pro- 
cedure outlined above is completed there is a 
possibility for collateral venous drainage from 
the liver to the diaphragm present behind the 
ligature on the large proximal vein as shown 
in the insert in Fig. 1. If this small diaphrag- 
matic vein is obstructed at the time the 
hepatic veins are ligated, the operative mor- 
tality approaches 100% even with an adequate 
porta-caval shunt. However, its value as a 
collateral diminishes as readjustments in the 
circulation take place because this vein was 
filled with clot in 14 of the 15 dogs in this 
study at the time of autopsy. Post-operatively 
the dogs were maintained on a standard kennel 
diet with whole milk supplement. Liver func- 
tion and blood studies were done periodically, 
the onset and amount of ascites recorded, and 
the animals reexplored transabdominally to 
obtain portal pressures and liver biopsies after 
2 to 5 weeks. Portal pressures were done in 
a branch of the right gastro-epiploic vein. 
The animals were followed for periods of 2 
to 28 weeks. At autopsy the porta-caval 
shunts ranged from .7 x .9 cm to 1 x 3 cm. 
The majority were 1 x 2 cm. 
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“Quadrate lobe | 
of liver. 


FIG. 2. Outline of main steps in individual occlusion of hepatic veins 
A. Inferior vena cava exposed showing its intimate relationship to 
B. Inferior vena cava has been dissected from 


porta-caval anastomosis. 


the diaphragm and dorsal surface of the liver. 
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in conjunction with a 


its liver bed by ligating and dividing all hepatic veins except the most proximal vein. The 


porta-caval anastomosis is done at this stage. 


ture tied down around the large proximal vein. 


C. Porta-caval anastomosis completed, and liga- 
Major hepatic veins are much larger than rep- 


resented here, and there are also numerous small veins which have to be ligated and divided. 


Results. Effects on portal pressures and 
ascites formation. There was no uniformity 
in the development of increased portal pres- 
sures or ascites (Table I). Portal pressures 
were measured in the 15 dogs and ranged from 
11 to 68 cm of water. Pressures in control 
dogs ranged from 11 to 15 cm. Ten dogs or 


66% had portal pressures that were elevated 
above 19 cm of water. Four dogs or 27% had 
pressures from 15 cm to 19 cm, and one dog 
had a pressure of 11 cm of water. Eight or 
53% of the 15 dogs in which portal pressures 
were measured developed ascites high in pro- 
tein content which became apparent within 2 


TABLE I. Effects of Total Hepatic Vein Ligation in Dogs with Porta-Caval Shunts. 
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Dog No. 1 2 3 4 
Portal pressure, cm H,O lIGhe = Aliayg's alisy Sas 
Ascites + — + — 
Central necrosis & congestion. 2+ -+ 2+ 2+ 
Serum albumin, g/100 ce Ome 2 ceeelliaeleO 
Total serum protein, g/100 ce 5.0 5.3 4.7 6.5 
% BSP* retention thee ez 6 6 
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B+ + 2+ 34 34 8+ 34 2+ 44 
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od. 6.2) 5.5 4.7 6.3 4.7: 6.4 6:4 4.3 4:9 
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* Control dogs show less than 6% retention in 45 min. 


FIG. 3. Dog 11 showing marked ascites and col- 

lateral circulation in abdominal wall. This dog 

formed 22 liters of ascitic fluid over a period of 
3 months and required repeated paracentesis. 


weeks. The ascites varied from 200 cc in one 
dog to 22 liters in another, the latter amount 
of fluid being removed over a period of 3 
months. The total proteins in the ascitic fluid 
averaged 3.6 g/100 cc with an albumin con- 
tent of 1.0 g %. Those animals with marked 
ascites showed collateral vessels in the ab- 
dominal wall (Fig. 3). No esophageal varices 
or large collaterals in the region of the dia- 
phragm were observed. 

Laboratory studies. The blood sugar, blood 
urea nitrogen, and serum bilirubin were nor- 
mal in all dogs. The hemoglobin values 
ranged from 7/8 to 16.0 g. Serum protein 
levels were low in general, especially the albu- 
min fraction. These values are shown in 
Table I, along with the bromsulfalein clear- 
ance values. | 

Pathology. Grossly the livers were large 
and congested with rounded edges. Exudate 
and adhesions were present over the surface. 
There were dilated lymphatics and large lymph 
nodes in the hilar region. None of the dogs 
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used in this study showed residual hepatic 
veins emptying into the inferior vena cava at 
the time of autopsy, and there was no instance 
of incomplete ligature or recanalization of the 
large proximal vein. Clots in various stages 
of organization were present in the hepatic 
veins at the site of their occlusion. Micro- 
scopically the sinusoids were dilated and filled 
with blood or amorphous pink staining ma- 
terial. Varying degrees of central necrosis 
and degeneration of the liver cell cords were 
found ranging from minimal changes to a 
marked degree of destruction. No signs of 
fibrosis or regeneration were present. In some 
sections thickened capsule and dilated sub- 
capsular lymphatics were seen. 


Discussion. This is the first time that sur- 
vival following occlusion of the hepatic veins 
has been reported. Child, McClure, and 
Hays(4) observed survival in monkeys up to 
3 hours following supportive treatment. Com- 
plete occlusion of the hepatic veins results in 
marked congestion of the liver with subse- 
quent death from shock due to pooling of 
blood in the portal system. The porta-caval 
shunt acts as an avenue of escape permitting 
the blood in the liver to leave the portal bed. 
This retrograde blood flow through the porta- 
caval anastomosis can readily be seen at the 
conclusion of the anastomosis and may be 
demonstrated more clearly by temporarily oc- 
cluding the portal vein on the intestinal side 
of the porta-caval shunt. The presence of 
free communications between the arterial and 
portal venous systems in the liver is thus 
established by these experiments. 


There was no correlation between the size 
of the porta-caval shunt and the subsequent 
elevation of portal pressure; in fact, the dog 
with the smallest shunt in the series did not 
develop either an elevated portal pressure or 
ascites. It is difficult to explain such findings, 
but the work of Madden(5) and his associates 
gives some insight to this problem. These in- 
vestigators have shown by injection studies in 
human cadavers that pre-existing natural 
porta-caval shunts were present in 4 out of 
8 cadavers studied. Such pre-existing shunts 
may also explain the wide variations in portal 
pressures in the dogs studied in this experi- 
ment. 
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Volwiler and associates(6,7) stress the im- 
portance of hepatovenous congestion and in- 
creased liver lymph flow, and McKee e¢ al.(8) 
have shown the effect of serum protein and salt 
on ascites production. In the present study 
an attempt was made to correlate the develop- 
ment of ascites with an increase in the portal 
vein pressure, a decrease in serum albumin, or 
with the degree of liver damage as shown in 
the microscopic sections or the bromsulfalein 
test. Examination of Table I reveals that 
there was no consistent correlation found be- 
tween any one of these factors and the degree 
of ascites formation in the dogs in this experi- 
ment. This finding would suggest that the 
formation of ascites more likely was due to a 
combination of factors rather than to any 
single one. 

Summary. 1. A successful technic for in- 
dividual ligation and division of the hepatic 
veins in the dog is described. 2. Complete 
occlusion of the hepatic veins is uniformly 
fatal in dogs. However, if a porta-caval shunt 
-is also done, the dogs will survive. 3. Fifteen 
dogs prepared in this manner were studied, 
and 66% of them developed a significant ele- 
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vation of the portal pressure. 4. Ascites de- 
veloped in 53% of the dogs, but the ascites 
could not be correlated with the increased 
portal pressures, decreased serum proteins, or 
pathological changes in the liver. 
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Some Relationships Between Intracranial Pressure and EEG Frequency 


in Cats.* 


(20161) 


S. N. Sternt AND R. R. SONNENSCHEIN.+ 


From the Department of Psychiatry, University of Illinois College of Medicine, 


This report describes some relationships 
existing between intracranial pressure and the 
EEG pattern in the curarized, unanesthetized 
cat. 

Methods. Each cat was anesthetized with 
vinyl ether (Vinethene), and a wide midline 
skull exposure made. Four small holes were 
drilled through the skull, one over each parie- 
tal region and one over each side of the cere- 


* This research was done as part of a contract 
with the Physiology Branch, Office of Naval Research, 
Department of the Navy. 

t Present address: Neurophysiology Branch, Naval 
Medical Research Institute, Bethesda, Md. 

t Present address: Department of Physiology, Uni- 
versity of California School of Medicine, Los Angeles. 


Chicago, IIl. 


bellum. These holes were so placed as to 
center approximately over the motor cortices 
and cerebellar lobes. Screw-in type EEG 
electrodes were placed in these holes. Each 
animal was then tracheotomized and injected 
with dihydro-beta-erythroidin hydrobromide$ 
to eliminate muscle activity and then placed 
on artificial respiration. A number 18-gauge 
spinal needle was then inserted into the 
cisterna magna through the foramen magnum 
and the needle connected by means of a short 
rubber tube to a Statham strain gauge pres- 
sure transducer. The output of the transducer 
activated a high-g -gain aan ee to a 


N. J. 
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FIG. if Normal ambient atmospheric pressure. Decrease in EEG clcanencyn is associated with 
increase in intracranial pressure, and vice versa. 


BIG. 2. Tuereased SERENE atmospheric pressure. Decrease in EEG frequency 4 is associated with 
decrease in intracranial pressure and vice versa. 


power amplifier driving a Brush magnetic against a water column of known pressure. 
pen-motor. The entire pressure system was Thus, a continuous ink-line representation of 
then filled with normal saline and calibrated intracranial pressure was obtained. In about 
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one-third of our experiments, a brass tube of 
14-inch diameter was screwed into a threaded 
hole in the skull over the dura of the parietal 
region and connected directly to the pressure 
transducer.!! Care was taken to avoid punctur- 
ing the dura. The pressure recordings ob- 
tained from the epidural space were similar to 
those obtained from the cisterna magna. Since 
the cisternal technic was ‘simpler than the 
epidural, it was adopted as routine. Electro- 
encephalograms were recorded on a Grass type 
III-B machine. In addition to the ink writ- 
ten electroencephalogram, a recording of the 
instantaneous average frequency of the brain 
waves was obtained by feeding the output 
from the Grass machine into a frequency an- 
alyzer designed by C. W. Goodwin. The out- 
put of the frequency analyzer was also re- 
corded with a Brush magnetic pen-motor. 


Results. With the animal exposed to normal 
ambient atmospheric pressure, control obser- 
vations showed a quite consistent inverse cor- 

_relation between the variations in EEG fre- 
quency and intracranial pressure. In 7 out of 
8 experiments, a decrease in EEG frequency 
(25-30/sec to 15-20/sec) was associated with 
a rise (20% to 50%) in intracranial pressure, 
and vice versa (Fig. 1). In the eighth experi- 
ment, both the EEG frequency and the intra- 
cranial pressure varied directly with each 
other. When the animals were introduced into 
a pressure chamber where the ambient pres- 
sure as well as the partial pressure of inspired 
oxygen was increased(1), seizure activity was 
noticed in the EEG and a reversal in the rela- 


|| This device with amplifier kindly supplied by 
Dr. J. P. Marbarger and Mr. ‘Clarence Pestel of the 
Aeromedical and Physical Environment Laboratory, 
University of Illinois, College of Medicine. 
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tionship between EEG frequency and intra- 
cranial pressure took place. During the low 
frequency-high amplitude seizure activity 
period the intracranial pressure fell, and dur- 
ing the inter-seizure phases when the EEG 
reverted to high frequency-low amplitude 
activity, the intracranial pressure went up 
(Fig. 2). In only one experiment were these 
relationships reversed. 

A few experiments were performed under 
conditions of normal atmospheric pressure in 
which seizures were produced by the intra- 
venous administration of 1,5-pentamethylene- 
tetrazole (Metrazol). The correlation between — 
the two variables was the same as that ob- 
served during hyperoxic seizures. 

Findings similar to ours were reported by 
Guillaume and Janny(2) in man. They made 
continuous intracranial pressure recordings 
which demonstrated rhythmic changes at a 
rate of 6 to 12 per minute; no EKG record- 
ings were made. 


Summary. 1. In the curarized, unanes- 
thetized cat, the EEG frequency varies in- 
versely with the intracranial pressure. 2. Dur- 
ing seizures induced by high partial pressures 
of oxygen or by Metrazol, the intracranial 
pressure -varies directly with the EEG fre- 
quency. 3. No explanation for our findings 
is offered at present. 


We wish to thank Dr. Stephen L. Sherwood of the 
Middlesex Hospital, London, England, for valuable 
aid and suggestions. 


1. Stein, S. N., and Sonnenschein, R. R., J. Aviat. 
Med., 1950, v21, 401. 

2. Guillaume, J.. and Janny, P., Rev. Neurol, 
1951, v84, 131. 


Rescived February 3, 1953. P.S.E.B.M., 1953, v82. 


512 


Isolation from Mammalian Brain of Coproporphyrin III and a Uro-Type 


Porphyrin.* 


T. PAuL BLANSHARD. 


(20162) 


(Introduced by C. J. Watson.) 


From the Department of Medicine, University of. Minnesota Hospital, Minneapolis. 


Kliiver(1,2), using ultraviolet light and 
a direct vision spectroscope, was the first to 
describe the occurrence of porphyrin in the 
normal central nervous system of warm 
blooded animals. He found a sharp band 
with a maximum at about 625 my in the 
fluorescence spectrum and on this basis iden- 
tified the substance as a coproporphyrin. He 
also confirmed this finding chemically but, 
being unable to obtain a melting point owing 
to an insufficiency of material, was not able 
to state whether the coproporphyrin was 
present as the type I or type III isomer. 
Later he tentatively identified it as a type 
III isomer(3). Since then the presence of 
coproporphyrin has been confirmed in this 
laboratory(4) and again the isomer was ten- 
tatively identified as coproporphyrin III, 
by means of the florescence quenching technic. 

The finding of an increased excretion of 
coproporphyrin III in the urine of patients 
with poliomyelitis(5) raised the problem of 
the origin of this excess of porphyrin and its 
_ possible relation to the coproporphyrin of the 
central nervous system. Because of this and 
other more general considerations it was be- 
lieved desirable to identify this porphyrin with 
certainty. The present report is concerned 
with the isolation of crystalline porphyrin 
from mammalian brains. 


Methods. Fresh beef brains were used and 
extracted by the method of Schwartz and 
Wikoff for red blood cells(6). The brains 
were stripped of membrane, washed as clean 
of blood as possible, homogenized in a War- 
ing blender and extracted in a ball-mill using 
a 4:1 ethyl acetate-glacial acetic acid mixture. 
In all 9.665 kg of brain were processed. The 
ethyl acetate-acetic acid extract was washed 
with 1% sodium acetate in a separatory fun- 
nel and the porphyrins were extracted with 3 
N HCl. This was washed with ether to 
remove some of the liquid material which was 


* Aided in part under contract with the Atomic 
Energy ‘Commission. 


invariably present and which interfered con- 
siderably with purification at all stages of 
the procedure. The 3 N HCl was then neu- 
tralized with saturated sodium acetate and, 
after the addition of a few ml of glacial acetic 
acid, shaken with ethyl acetate. This was 
washed with water and extracted repeatedly 
with 0.3 N HCl to remove the coproporphyrin. 
The latter solution was then diluted to 0.1 
N and washed with chloroform to remove any 
traces of chloroform-soluble porphyrins. The 
0.1 N HCl solution, after addition of sodium 
acetate and glacial acetic acid, was shaken 
with ether and the latter in turn extracted 
with 1.5 N HCl. The content of total copro- 
porphyrin in the 1.5 N HCl, assayed fluori- 
metrically, was approximately 193 pg or 2 
ug per 100 grams of brain, which is in rough 
agreement with previously published figures 
of the average content of human brain(7). 
The total coproporphyrin was concentrated 
in 3 N HCl and esterified by the addition of 
10 volumes of a mixture of methyl alcohol- 
sulphuric acid (20:1) The porphyrin ester 
was purified. by the method of Grinstein, 
Schwartz and Watson(8). Chloroform-pe- 
troleum ether was used to dissolve the residue 
and devélop the chromatogram. Some lipid 
material appeared to be present throughout 
and caused a cloudiness in the chloroform- 
methyl alcohol used for attempted crystalliza- 
tion. This was successfully removed by 
suspending the porphyrin in petroleum ether 
and filtering. The porphyrin was then redis- 
solved from the filter paper in chloroform 
and crystallized from methyl alcohol in the 
usual way(8). Coproporphyrin III methyl 
ester was obtained crystallizing slowly in the 
typical rosettes of straight needle-like prisms. 
On determining the melting point initially, 
shrinkage of the crystals was observed from 
148°C onward with generalized melting at 
174°C. Recrystallizations gave melting 
points of 146-149° and 146°C. 

Results. During the initial phase of ex- 


‘traction the sodium acetate washings of the 
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ethyl acetate were concentrated on aluminum 
oxide, eluted with 1.5 N HCl and examined 
for uroporphyrin. None was found. How- 
ever, it was observed that the neutralized 
0.1 N HCl after extraction with ether con- 
tinued to fluoresce red in ultraviolet light. 
This fluorescence was not removed by re- 
peated extraction with ether or ethyl acetate 
at the prevailing pH, but on adjusting the 
pH to about 3.5 with HCl, it was found that 
the porphyrin passed into ethyl acetate. From 
this it was taken into 1.5 N HCl. The amount 
of uro-type porphyrin in the aqueous solution 
was found to represent from 0.15-0.25 yg per 
100 grams of brain. Due to various losses 
in the course of purification the total amount 
of crystalline material finally obtained was 
not more than 12 pg. It was esterified and 
crystallized in the same manner as the copro- 
porphyrin. On account of apparent lipid 
impurities it was rechromatographed and re- 
crystallized. The crystals were composed of 
imperfect rosettes of curved hairlike needles. 
- Successive recrystallizations yielded melting 
points of 272°, 272-3° and 273-4°. The ab- 
sorption spectrum of the methyl ester in chlor- 
oform, using a Zeiss grating comparison spec- 
trometer gave a band in the red, maximal at 
626.1 my. This agrees well with a uropor- 
phyrin(8). The absorption curve of this por- 
phyrin showed a Soret band maximal at 404.5 
my for uroporphyrin I. Unfortunately there 
was insufficient material for decarboxylation 
and analysis of the isomer type. 

Protoporphyrin considerably in excess of 
coproporphyrin was present in the brain. This 
in agreement with other observations both in 
human «and animal brain. 

It was theoretically possible but unlikely 
that the porphyrins obtained were derived 
from the blood contained in the intracerebral 
blood vessels. Accordingly 50 ml. of beef 
blood were ‘extracted for coproporphyrin and 
protoporphyrin(6). A total for the former 
of 0.72 wg per 100 ml of cells and serum was 
obtained while for protoporphyrin the value 
was 16.3 wg per 100 ml. It was clearly im- 
possible that sufficient blood could have been 
present in the washed brain to account for 
the amounts of porphyrins obtained. 

The isolation and identification of copro- 
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porphyrin III confirms the previous tentative 
results(3,4). The question of significance 
has been discussed elsewhere(9). The solu- 
bility characteristics and melting point of the 
second compound clearly identify it as a uro- 
type porphyrin. The melting point of 273-4° 
C is significantly lower than that of uropor- 
phyrin I methyl ester, 284-6°C(8) yet cer- 
tain samples of the latter have been noted to 
melt either lower ior higher than this, for 
reasons that are not clear(8). The slight but 
significant differences in the Soret bands  to- 
gether with the lower melting point suggest 
that this may be a Waldenstrom type por- . 
phyrin such as encountered in cases of por- 
phyria, especially in the ‘“cutanea tarda” or 
“mixed” type of hepatic porphyria(10). This 
porphyrin incorporates a major portion of 
uroporphyrin I with a minor fraction of a 
type III porphyrin having less than 8 COOH 
groups. The nature of the present porphyrin 
cannot be determined until larger amounts are 
available to permit decarboxylation and other 
studies. Nor is any speculation warranted 
at the present time as to its biological signifi- 
cance. 

Summary. The isolation from beef brain 
of crystalline coproporphyrin III and of a 
uro-type porphyrin is described. The ester 
melting point of the latter is 273-4°C, signifi- 
cantly lower than that of uroporphyrin I 
methyl ester. The Soret band was also found 
to differ significantly. 
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Phenylpyruvic Oligophrenia Deficiency of Phenylalanine-Oxidizing System. 
(20163) 


GEORGE A. JERVIS. 


From the Research Department, N. Y. State Department of Mental Hygiene, Letchworth Village, 
Thiells, N. Y. 


The biochemical nature of phenylpyruvic 
oligophrenia (phenylketonuria), a disease 
characterized by mental deficiency and urin- 
ary excretion of phenylpyruvic acid, is still 
uncertain(1). Some indirect evidence was 
presented in a previous publication(2) which 
suggests that the metabolic error consists of 
the inability of phenylketonuric patients to 
oxidize phenylalanine to tyrosine. Following 
the recent report of Udenfriend and Cooper 
(3) demonstrating that an oxidizing system 
is present in the liver which is capable of 
catalyzing the conversion of phenylalanine to 
tyrosine, it became of interest to investigate 
whether this enzymatic system is defective in 
phenylketonuria. 

Materials and methods. As a source of the 
enzyme, fragments of liver obtained at the 
autopsy of 2 phenylketonurics and 3 normal 
controls were used. The first patient, V.N., 
a male 25 years of age, died of pulmonary 
tuberculosis. The liver showed histologically 
a moderate amount of fatty infiltration. The 
second patient, W.J., a male 5 years of age, 
died of acute bronchopneumonia. The liver 
was histologically normal. In both patients 
abnormally high amounts of phenylpyruvic 
acid and phenylalanine were repeatedly found 
in the urine and the blood. Control 1 was a 
male, 52 years of age, who died of gastric 
hemorrhage originating from carcinomatous 
ulcer; the liver showed a moderate amount of 
fatty infiltration. Control 2 was a woman, 
60 years of age, who died of mitral stenosis. 
Control 3 was a girl, 8 years of age, whose 
cause of death was hydrocephalus. The bodies 
were placed in the ice box (0°-4°C) within a 
half hour after death. Autopsy was performed 
4 hours after death in patient V.N., 5 hours 
in patient W.J., and 5, 10, and 15 hours re- 
spectively in the 3 controls. Fragments of 
liver were removed, immediately homogenized 
in chilled Waring blendor with twice their 
weight of ice cold isotonic potassium chloride 


Control 


and placed in the deep freeze. Two days later 
the thawed material, packed in ice, was cen- 
trifuged for one hour at 8000 r.p.m. and the 
supernatant fluid, after removal of fatty ma- 
terial, was immediately used as crude liver 
extract in the test system of Udenfriend and 
Cooper(3). This consisted of .5 ml of liver 
extract, 2 4M L-phenylalanine in .20 ml of 
water, .5 »M of tridiphosphopyridine nucleo- 
tide in .20 ml of water, 5 4M of nicotinamide 
in .20 ml of water and .20 ml of phosphate 
buffer (pH 6.7). All preparations were com- 
mercial products and were not tested for 
purity. The mixture was shaken in air at 
25°C and at the end of one hour 2.70 ml of 
water was added followed by 1.0 ml of 30% 
solution of trichloracetic acid. After centrifu- 
gation and filtration, tyrosine was determined 
on 2 ml of filtrate using Udenfriend and 
Cooper’s method(4). The color was read in a 
Coleman junior spectrophotometer at 450 mu 
against a blank consisting of .5 ml of the liver 
extract treated exactly in the same way but 
omitting the phenylalanine substrate and the 
pyridine nucleotide. All tests were run in 


duplicate. 
Results. In Table I the results are pre- 
sented. It may be seen that tyrosine was 


formed under the conditions of the experiment 
in all controls but no formation of tyrosine 
was observed when liver extracts of phenyl- 
ketonuric patients were used. 

Comment. One may object to the use of 
autopsy material in the present experiments 


TABLE I. Conversion of Phenylalanine to Tyrosine 
in 2 Phenylketonurics and 3 Controls (2 M L phenyl- 
alanine added to each). 


Tyrosine formed, 
uM 


Patient 
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because of the instability of the phenylalanine- 
oxidizing liver enzyme(3). It should be 
noted, however, that the controls gave positive 
results, although the livers were removed 
somewhat later than in the phenylketonuric 
patients. Moreover, the amount of tyrosine 
formed in Control 1 was comparable to that 
reported by Udenfriend and Cooper(3) in an 
experiment with rat liver slices in which the 
liver was immediately removed and all opera- 
tions carried out in a cold room. In order to 
avoid further deterioration of the enzymatic 
activity, no attempt was made at dialyzing the 
liver preparation and only the crude extract 
was used. 


Although there is a remote possibility that 
the observed failure to find tyrosine in the 
phenylketonuric preparations might be the 
result of a very rapid deamination of phenyl- 
alanine to phenylpyruvic acid, the most likely 
explanation is that the specific enzymatic sys- 
tem described by Udenfriend and Cooper (3) 
is absent in phenylketonuria. This absence is 
‘apparently the essential metabolic character- 
istic of the disease; in fact, as previously 
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noted(5), the main biochemical findings may 
be explained on the assumption of a failure in 
the normally occurring conversion of phenyl- 
alanine to tyrosine. Furthermore, the demon- 
stration of the absence of a specific enzyme 
clarifies the observation that phenylketonuria 
is determined by a single recessive gene(1), 
since several instances are on record of. spe- 


- cific enzymatic reactions being controlled by 


single genes. 

Summary. Liver extracts of two nhengle 
ketonuric patients failed to catalyze the con- 
version of phenylalanine to tyrosine in the 
presence of oxygen, phosphopyridine nucleo- 
tide and Seycanie 


1. Jervis, G. A., Mental Deficiency and Aberrant 
Metabolism, in The Biology of Mental Health and 
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We , J. Biol. Chem., 1947, v169, 651. 

3. Undenfriend, S., and Cooper, J. R. J. Biol. 
Chem., 1952, v194, 503. 

4. , J. Biol. Chem., 1952,. v196,. 227. 

5. Jervis, G. A., Proc. Soc. Exp. Biot. AnD MeEp., 
NOS, HS TLS. 
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Description of a Possible Method of Temporary Kidney 
Substitution. 


(20164) 


(Introduced by Max Michael, Jr.) 


(With the assistance of Mary Z. Shumpert.) 


From the Medical Research Laboratories, Veterans Administration Hospital, 


The several types of artificial kidneys and 
their clinical applications have been adequate- 
ly described(1). Basically they consist of 
two compartments separated by a dialyzing 
membrane. Blood of the patient is circulated 
through one compartment and a bath solution 
is circulated through the other. The dialyz- 
able substances tend to pass from the compart- 
ment in which their concentrations are higher 
into that compartment in which their concen- 
trations are lower. The rate of transfer de- 
pends to a great extent on the physical char- 
acteristics of the dialyzable substances; the 
type, thickness and area of the dialyzing mem- 
brane; and the concentration gradient present. 


Atlanta, Ga. 


The purpose of this study was to design a 
system of cross-dialysis whereby the blood of 
a uremic subject would be cross-dialyzed with 
that of a subject with normal kidneys. There 
would be no mixing of blood between the two 
circulations. In such a system it is anticipated 
that the normal subject would remove through 
dialysis “toxic products” from the blood of 
the uremic subject and then utilize its own 
kidneys to excrete them. This system would 
not be an artificial kidney in the true sense as 
it would use a normal pair of kidneys to regu- 
late certain functions which the patient with 
diseased kidneys would be unable to do. The 
following results might be expected: a) Re- 


FIG. 1. Dialyzing unit with cover removed. A and 
C indicate sections where ends of cellophane tubing 
are brought out for connections. B indicates cir- 
cular dialyzing compartment which measures 14” 
in diameter, 314” in height and 4” in width. 


moval and excretion by the normal subject of 
such products of metabolism as non-protein 
nitrogen compounds and possible unknown 
toxic products which might play a role in the 
uremic syndrome. b) Automatic control of 
electrolytes. Those in abnormally low con- 
centration in the patient would be corrected 
by inflow from the normal subject, and those 
in abnormally high concentration in the pa- 
tient would dialyze out and be excreted. c) 
Similar control as in (b) but for elements and 
compounds not measurable by present-day 
laboratory procedures or for which the clinical 
significance is not yet known. 


Method. To accomplish these aims the fol- 
lowing apparatus has been devised and con- 
structed. The dialyzing unit, made of stain- 
less steel (Fig. 1) is circular in shape, measur- 
ing 14” in diameter and 3-5/8” in height. 
The width of the dialyzing section is 5/16”. 
Two lengths of cellophane* tubing, measuring 
2-7/8’ diameter flat, are placed against each 
other and are then wound as one for the re- 
quired number of turns into the hollow section 
of the unit. When this procedure is carried 
out, it will be found that every other turn of 
cellophane represents the same circuit, thereby 
bringing the dialyzing surface of one circuit 
directly in contact with the other. The two 
ends of each length of cellophane tubing are 
brought out in sections A and C respectively 
(Fig. 1) where connections are made to 3/8” 
diameter polyethylene tubing which is used 


* Arthur H. Thomas Co., Philadelphia, Pa. 
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to bring the subjects’ blood to and from the 
unit. The stainless steel cover, which is not 
water tight, is applied. Its primary purpose is 
to help keep the cellophane tubing in place. 
The present units were used with 8 turns of 
cellophane tubing representing approximately 
5,600 cm? of opposing dialyzing surfaces for 
each circuit. Turns 1, 3, 5 and 7 represent 
one circuit and turns 2, 4, 6 and 8 represent 
the other circuit. After assembling, the unit 
is washed and autoclaved. Immediately prior 
to operation, it is rinsed with sterile saline and 
primed with approximately 175 cc of citrated 
blood per circuit. In the experimental ani- 
mals, blood from an abnormal subject (ure- 
mic) is taken from the femoral artery via a 
plastic catheter. Its movement is facilitated 
by the use of a roller-type pump which con- 
trols the flow of blood through both circuits. 
The blood then passes to the dialyzing cham- 
ber which is suspended in a water bath kept 
at 39°C. It flows through the cellophane 
tubing which is kept compressed, almost flat, 
by the surrounding tubing and the walls of the 
unit to give maximum surface area with mini- 
mum volume. No shifting of tubing during 
operation has been noted with the present 
units. When the blood of the uremic subject 
is brought into close contact (separated by 
permeable membranes) with the blood of a 
normal subject, dialysis takes place. After 
leaving the dialyzing chamber the blood then 
flows through a bubble trap and flow indicator 
and back into the femoral vein of the uremic 
subject. The blood circuit from the normal 
subject follows a similar course. Nembutal is 
used for anesthesia, and clotting is prevented 
by the use of heparin. 


Results. In vitro studies were done with 
the above apparatus, using 12 liters of a solu- 
tion containing urea, sodium chloride and po- 
tassium chloride in concentrations indicated in 
Fig. 2. This solution was dialyzed against 
tap water. 
cm’ of opposing dialyzable surface per circuit 
with a rate flow of approximately 90 cc per 
min per circuit. Specimens for analysis were 
taken at intervals from the solution being 
dialyzed. Results are shown in Fig. 2. As 
expected, the rate of dialysis decreased as the 
concentration gradient became smaller. This 
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FIG. 3. Relationship of non-protein nitrogen level 


to hours of dialysis. 


experiment was repeated three times with simi- 
lar results. 


In vivo studies were done using dogs as the 
experimental animals. At first, 2 normal dogs 
were dialyzed against each other for approxi- 
mately 8 hours. The apparatus had no ill 
effects on the animals. Then dogs were made 
uremic by ligation and division of both ure- 
ters. Approximately 48 hours after ligation, 
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the uremic dogs were dialyzed against normal 
dogs for 6 hours. Fig. 3 shows non-protein 
nitrogen levels plotted against hours of dialy- 
sis. Curves 1 and 2 represent animals with 
ureters ligated and divided approximately 48 
hours before dialysis was begun. Curves 3 
and 4 represent normal dogs. In Exp. A one 
unit was used with 4 turns of cellophane tub- 
ing per dog representing approximately 5600 
cm? of opposing dialyzable surface per dog. 
The rate of flow was approximately 80 cc per 
min per dog. Exp. B represents 2 units similar 
to the above connected in parallel giving ap- 
proximately 11200 cm? of opposing dialyzable | 
surface per dog. The rate of flow for this run 
was approximately 180 cc per min per dog. 


The series is small, consisting of 5 experi- 
ments with uremic animals dialyzed against 
normal animals. In every case, the normal 
animals survived without apparent deleterious 
effects. There was no apparent hemolysis. 
The uremic animals subjected to the above 
procedure survived approximately 3 days after 
time of dialysis, a total of 5 days from the 
time the ureters were ligated. It is believed 
that the results in Exp. B, using the area and 
flow noted, were satisfactory. At 6 hours, the 
concentration gradient between the two ani- 
mals was small, there being only 20 mg % of 
non-protein nitrogen difference between the 
two circulations. The retention of non-pro- 
tein nitrogen compounds by the normal dogs 
as shown by curves 3 and 4 is probably to 
some extent the result of decreased renal func- 
tion due to prolonged anesthesia(2,3) during 
dialysis. 

Discussion. The method as described demon- 
strates that it might be conceivable to dialyze 
a subject in renal failure against a volunteer 
with normal kidneys. Moreover, one might 
consider the possibility of dialyzing a patient 
against a normal animal. It is questionable 
whether transmission of antigens would occur. 
The cellophane membrane used will not pass 
bacteria, viruses, or large molecules such as 
proteins. If the tubing in one circuit should 
rupture, it would be unable to penetrate into 
the other system because rupture of a mem- 
brane is immediately detected by the appear- 
ance of blood on the surface of the unit. Also, 
two simultaneous ruptures would be necessary, 
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one in each circuit, for blood to pass from one 
system to the other. 


Summary. Apparatus and technic for cross- 
dialysis is described. It is believed that the 
procedure is relatively uncomplicated, safe 
and requires few laboratory checks during 
operation. Only further extensive studies will 


Conjugation of N-Allylnormorphine by Liver Slices.* 


CONJUGATION OF N-ALLYLNORMORPHINE 


determine whether or not it has any value as 
a Clinical tool. 


1. Merrill, J. P., New Eng. J. Med., 1952, v246, 17. 

2, Olmsted, J. M., Guagossintz, G., J. Lab. and 
Clin. Med., 1931, v16, 354. 
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R. A. SEIBERT AND R. A. HuGGINs. 


From the Department of Pharmacology, Baylor University College of Medicine, Houston, Texas. 


The respiratory depression caused by an 
overdosage of morphine can be abolished by 
small amounts of N-allylnormorphinet (1,2,3). 
N-Allylnormorphine and morphine differ only 
in the alkyl group attached to the nitrogen; 
morphine has a methyl group at this position, 
whereas N-allylnormorphine has an_ allyl 
group attached to the nitrogen. Previous re- 
ports(4) have stated that the phenolic hy- 
droxyl group in morphine is the site primarily 
responsible for the effect on respiration, but 
now it is evident that changes on the nitrogen 
atom are important in this respect. 

In man(5) and dogs(6) morphine has been 
reported excreted in urine in both a free and 
combined state. A study of the action of 
liver slices on N-allylnormorphine was under- 
taken to determine whether it was conju- 
gated in the liver like morphine(7) and 
whether there might be a significant difference 
in the rate of conjugation to account for the 
blocking ratio of one molecule of N-allylnor- 
morphine to sixty-seven molecules of morphine 
(8). 

Methods and results. The procedure of 
Snell and Snell(9) as used by Bernheim(7) 
was used for the estimation of morphine. This 
method probably involves the reactivity of the 
phenolic and alcoholic hydroxyl groups of 
morphine, for codeine and dihydromorphinone, 


* This investigation was supported in part by a re- 
search grant from the National Institute of Health, 
Public Health Service. 

+ N-Allylnormorphine was obtained through the 
courtesy of Merck & Co., Rahway, N. J. 


in which these groups are altered, do not give 
the same intensity of color as morphine. N- 
allyInormorphine is identical to morphine ex- 
cept for the replacement of the methyl group 
on the nitrogen by an allyl group and would 
be expected to give the same color intensity 
with the Snell and Snell reagent. That this 
is so is shown in Fig. 1. The color developed 
with the silicomolybdic acid reagent is the 
same for both morphine and N-allylnormor- 
phine in the concentrations used. 

In order to study the rate of conjugation of 
morphine and N-allylnormorphine, _ livers 
from dogs anesthetized with sodium pentobar- 
bital were sliced in the usual way. About 
300 mg of tissue (wet weight) was placed 
in 4 ml of Krebs-Ringer bicarbonate solution 
with either 1.0 mg of morphine or N-allylnor- 
morphine. The slices were incubated at 38°C 
with a gas phase of 5% carbon dioxide and 
95% oxygen in a Dubnoff shaker. Suitable 
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FIG. 1. A comparison of the optical density with 
the silicomolybdie acid reagent between morphine 
and N-allylnormorphine. 
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FIG, 2. The rate of conjugation of morphine and 


N-allymormorphine by dog liver slices. 


controls were incubated at the same time to 
correct for the effect of the tissue on the sili- 
comolybdic acid reagent. At the end of the 
incubation time, 1 ml of 20% trichloroacetic 
acid was added, and after centrifuging, an 
aliquot was taken for the determination of 
the unconjugated morphine or N-allylnormor- 
phine. 

In Fig. 2 are plotted the results of these ex- 
periments. The data for each time period are 
the average of the results from 3 or more dogs. 
At the end of two and one-half hours of incu- 
bation about 75% of the morphine and N- 
allylnormorphine is conjugated. While N- 
allyInormorphine is consistently conjugated 
more than morphine, the difference is slight 
and probably not significant. 

An aliquot of the solutions was hydrolyzed 
in 1 N hydrochloric acid by autoclaving for 
for one-half hour at 20 lb pressure. The 
average results of free morphine and N-allyl- 
normorphine before and after hydrolysis are 
shown in Table I. \ Practically all the free 
base that has been conjugated can be re- 
covered after hydrolysis. 

Discussion. The use of the silicomolybdic 
acid reagent for the estimation of morphine 
must not be associated with the nitrogen atom, 


TABLE I. Per Cent Recovery of Alkaloid. 


-— Autoclayed—, 


Before After 
Morphine 35 98 
N-AllyInormorphine 33 98 


300 mg of tissue incubated 2 hr. Autoclaved in 
N hydrochloric acid 4% hr at 20 lb pressure. 


ke 
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for N-allylnormorphine gives almost identical 
color intensities with the reagent. The for- 
mation of color by this reagent is therefore 
dependent mainly on a free phenolic hydroxy! 
group, for codeine does not give a color with 
the reagent. 

The conjugate that is formed in vivo and 
im vitro with morphine is presumed to be the 
glucuronide(5) but the conjugate has not been 
isolated or characterized. The rate of conju- 
gation by surviving dog liver slices is the 
same for both morphine and N-allylnormor- 
phine, as shown in Fig 2. Probably, the same 
enzyme system is responsible for the conju- 
gation of N-allylnormorphine as is operating 
in the conjugation of morphine. 


Conclusions. 1. N-Allylnormorphine can be 
estimated by the use of the Snell and Snell 
reagent, for a change in the alkyl group on 
the nitrogen does not change the intensity of 
the color produced. 2. N-Allylnormorphine is 
conjugated by surviving liver slices at the 
same rate as is morphine. In two and one- 
half hours, about 75% of the two compounds 
is conjugated. 3. Because conjugation of the 
two compounds proceeds at essentially the 
same rate and the effective blocking dose of 
N-allylnormorphine is small, the latter com- 
pound must be more firmly fixed to the re- 
ceptor site than is morphine. 
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Effect of Vaccinia on Cells Grown in Tissue Culture. 


AcNEs L. BENEDEK AND C. HENRY KEMPE. 


(20166) 


(Introduced by K. F. Meyer.) 


From the E. Charles Fleischner Memorial Laboratory at the George Williams Hooper Foundation 
and the Division of Pediatrics, University of California School of Medicine, San Francisco. 


The cytopathogenic effect of viruses on cells 
in tissue cultures, as described by Enders, 
Robbins, and Weller(1) in connection with 
the poliomyelitis viruses represents a syn- 
drome of pathologic changes in the cultured 
cells that in its end results can be broken down 
into the following symptoms: 1) degenerative 
changes in cell morphology due to the virus; 
2) inhibition of cell migration due to the 
virus; and 3) changes in tissue metabolism 
as indicated by decreased acid production. 
These effects can all. be observed by inspection 
of the cultures, as well as by observation of 
the changes in the gross morphology of the 
growing fragments under regular microscopy 
at magnifications ranging from 100 to 400. 
In the present study the cytopathogenic effect 
of the vaccinia virus on the cells cultured 
in vitro was followed principally in its mani- 
festation of degenerative changes in the cell 
morphology beginning with cell injury through 
complete cell degeneration and destruction. 
The observations at this point were under- 
taken without the advantages offered by the 
use of phase microscopy with its opportunities 
for a dynamic study of the actual action of 
the virus on the cell or the use of electron 
microscopy and micrography. 

The experiments presented in this paper 
were aimed at the establishment of the fact 
that the cytopathogenic changes caused by the 
vaccinia virus in the growing tissue in vitro 
were present, that they were definite and spe- 
cific, and that they were not due to incidental 
or accidental influences. It is a well known 
fact to all workers in the field of tissue cul- 
ture that for obvious reasons the necessary 
use of substrates and nutrients consisting 
primarily of so-called natural components 
present the investigator with an endless array 
of unknown variables. Extensive studies have 
been made of the physical, chemical, bio- 
chemical and physiological knowns and un- 
knowns which may cause changes in cell mor- 
phology, theoretically and actually amounting 


to cytopathogenic effects. But in virology, 
where the growing tissue represents the sub- 
strate and the nutrient, 7.e., the host for the 
virus, one can only hope to strike an average 
in supplying the tissue and the virus with in- 
gredients which permit sufficient multiplica- 
tion for the first and, consequently, for both. 

Methods and material. The roller tube ex- 
periments constituting the major portion of 
this study employed the usual technics and 
procedures, and a detailed description would 
only be repetitious(2). In several experi- 
ments the Maximow double cover slip method 
(3) was used, which permitted observation of 
the cultures under high power microscopy. In 
the roller tubes, the finely minced tissue frag- 
ments were planted in a single vertical row of 
explants at 10 to 15 mm intervals inside the 
tube on a thin coat of heparinized plasma. 
Clotting was induced by adding 2 to 3 drops 
of chick embryo extract. The liquid phase of 
the medium consisted of 1.5 ml of nutrient, 
composed of a balanced salt solution, ox serum 
ultrafiltrate, embryo extract, and horse serum. 
This liquid phase varied in the percentage 
composition of the single ingredients, not only 
for suitability to the different tissues used, 
but also to the virus. Since an extremely rapid 
rate of growth is not optional in virus studies, 
a more or less “lean” liquid phase consisting 
of 85 to 90% of balanced salt solution con- 
taining 1:4 ultrafiltrate of ox serum, 5 to 10% 
diluted embryo extract, and 5% of horse 
serum, inactivated at 56°C for 30 minutes was 
used as warranted. This composition closely 
follows that recommended by the Enders 
group(4). The balanced salt solution was 
prepared according to the formula of Hanks 
(5). Chick embryo extract and plasma were 
also prepared in our laboratory. Ox serum 
ultrafiltrate and horse serum were obtained 
commercially. The liquid phase also con- 
tained phenol red indicator in a final concen- 
tration in the medium of 2 mg %, with the 
final pH of the medium corrected by the addi- 
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tion of 1.4% isotonic sodium bicarbonate to 
7.2. Penicillin was used in amounts resulting 
in final concentrations in the medium no 
higher than 100 to 300 units/ml—a concentra- 
tion known to be well below inhibitory or toxic 
effect. Chloromycetin was also tried in sev- 
eral experiments in extremely small concen- 
trations without apparent interference with 
the objectives of the study. The following 
tissues were used: (a) chick embryos at 19 to 
11 days incubation, minced as a whole and 
fragments picked at random; (b) chick em- 
bryo hearts at 12 days incubation; (c) chick 
embryo skin and muscle from legs and backs 
of embryos incubated for 12 to 13 days; (d) 
human embryonic skin and muscle; and (e) 
human embryonic kidney tissue. With the 
use of material coming from human and ani- 
mal sources in studies of virology, there is 
always the additional hazard of introducing 
unknown virus from the tissue source into the 
culture(6). To eliminate this hazard 40 
series of experiments were run and the sound- 
‘ness of components and sources was deter- 
mined before the validity for their use was 
established. 


Virus inoculum. The virus used in our ex- 
periments was prepared in two ways. One 
mode of preparation was to make a 20% sus- 
pension in buffered saline of the chorioallan- 
toic membranes of chick embryos of 12-day 
incubation, inoculated with the 72nd egg 
passage of the CVI strain of vaccinia. The 
second preparation consisted of a 20% sus- 
pension in saline of the washed elementary 
bodies obtained from the same egg passage. 
The chorioallantoic membrane suspension was 
ultracentrifuged at a speed of 40,000 RPM 
and the sediment containing the elementary 
bodies was resuspended and recentrifuged at 
the same speed and, finally, made up to the 
original volume. 

During the course of the study the identity 
and infectivity of the virus preparations used 
was confirmed in various ways: (a) inocula- 
tion of the chorioallantoic membrane of 12- 
day-old chick embryos with the suspensions 
as used in the tissue culture experiments, and 
close observation for the appearance of char- 
acteristic pock lesions; (b) inoculation of the 
material on the shaved skin of white rabbits. 
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Titration of the virus content of the suspen- 
sions was carried out by hemagglutination 
tests. Specificity was confirmed by using 
antiserum from patients proven to, have high 
anti-vaccinial titers in hemagglutination in- 
hibition tests(7). In the Maximow double 
cover slip experiments the ‘components of the 
substrates for the tissue culture, the tissues 
used, and the virus suspensions were the same 
as used for the roller tube experiments. Here, 
too, the tissue fragments were embedded in a 
thin plasma clot, and the feeding solution 
consisted of 3 drops of liquid composed of 
ultrafiltrate of serum, serum and diluted 
embryo-extract. Of all the possible variations 
available in inoculating tissue cultures with 
virus, the simplest method was used, 7.e., the 
addition of virus suspensions to the liquid 
nutrient phase. In the case of the roller tubes 
containing a liquid nutrient of 1.5 ml volume, 
the virus suspension consisted of 0.1 to 0.2 
ml. In the Maximow slides, one drop of the 
suspension was added. 
Results. (See Table I). 


TABLE I. Days after Inoculation of Cultures of 
the 73rd Egg Passage of CVI Vaccinia Virus in 
the Form of (a) Washed Elementary Bodies and 
(b) Chorioallantoic Membrane Suspensions, 
15 experiments. 


-—Vacecinia inoculated cultures—, 


$3 ' ae coh 
4 190 oO Oe eee 
! = s ral js ea oH Us 
= iS Drea rae, Site Faery SBE 
teat We Se QNoOrsa es Ses 
Spe eRe at Sa ey ae | 2 tenes 
S38 Se Sea = 3S 8 Spcielanes 
ne Se ores Banas aan 
oo 9 eats. cs of Sof4 ae os 
oo 5 = Zou S553 ‘Saseee 
mee S| Dee ai O mon PP opr 
10 6 12 50 
8 6 10 40 
6 3 9 19* 
6 3 9 19 
10 3 14 28 
10 5) 14 28 
4 4 S) 24 
6 3 6 26 
6 3 6 26 
6 3 8 26 
5 3 6 19 
6 - 7 16 
6 - 7 16 
5 BY 8 83 
6 3 8 21 
Avg 
6.6 330 8.9 


* Except for Exp. 1 and 2 in the control experi- 
ments there was no all over degeneration at con- 
clusion of experiments. Many fragments in the 
control series still showed healthy growth. 
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Characteristic degenerative changes com- 
parable to cytopathogenic changes as pro- 
duced by poliomyelitis and other viruses 
(1,8,9), first became evident between the 
third and sixth day after introduction of the 
virus. It should be noted here that for pur- 
poses of standardization in all experiments, 
the tissue fragments were allowed to grow out 
to a strong, healthy tangle of fibroblast-like 
cells, or characteristic sheets of epithelial cells 
or wide strands of muscle cells, dependent on 
the material used. No histologic identification 
of cell material was attempted. Another 
point kept in mind was that in all experiments 
only original explants were followed, studies 
on subcultures will be made at a later date. 


The earliest noticeable degenerative change, 
occurring between the third and sixth day, 
was the appearance of fatty refractile globules 
and liquid droplets causing swelling of the 
cells, amounting—somewhat later—to distor- 
tion into a variety of bizarre shapes. It is 
established that the vaccinia elementary 
bodies contained in the inclusions observed in 
the stained preparation of vaccinia infected 
cells, as well as by electron microscopy, are 
connected with lipoid material(10). It is 
possible that the tendency of cells to deposit 
fat droplets in certain conditions of tissue 
culture enhances the chance of the virus to 
invade the cell. As the cells swell and inflate, 
the continuity of the outgrowing aureoles 
around the explants is disrupted and the con- 
tact between the cells broken. The fatty re- 
fractile material in the cells is surrounded by 
dense granules, and the fusiform cytoplasm 
of fibroblast-like cells becomes less and less 
evident. The next stage seems to be a release 
of the large droplets, complete granulation, 
balling and rounding of the cells, and finally 
complete fragmentation and disintegration 
until only cell debris is left in the field. This 
process seems to work from the periphery of 
the radial outgrowth toward the center and 
the original implant and takes place within 
8 to 10 days. 

In the first experiment to show definite and 
striking pathogenic cell degeneration, the virus 
was introduced in the form of washed elemen- 
tary bodies 8 days after the start, with com- 
plete degeneration 6 days later. In this ex- 
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periment besides morphological cytopathogen- 
icity, another aspect of the syndrome was 
evident, i.e., decrease of acid production due 
to metabolic changes. At the conclusion, the 
inoculated roller tubes showed a pH average 
of 7.2, while uninoculated cultures indicated 
a pH of 6.6. However, it should be pointed 
out that in roller tubes the pH differences in 
infected and normal cultures do not follow the 
course observed in suspended cell cultures(1), 
since there are additional factors present | 
which may play a part. Healthy, strongly 
metabolizing tissue fragments in roller tubes 
often cause rapid liquefaction of the surround- 
ing plasma clot substrate, which cannot be 
remedied with patching. If this happens the 
fragment seems to be cut along a tiny sharp 
line of incision, often crescent-shaped. Con- 
sequently, fragment particles and portions of 
fresh outgrowth drop into the medium and 
are inadvertently carried off at the next 
nutrient change, reducing the total amount of 
tissue present in the tube. In contrast to this, 
it was frequently observed that infected and 
degenerated fragments with their outgrowing 
coronae seemed to be fixed in position in their 
original rough outlines. Thus, the healthy 
controls with less tissue did not produce the 
rapid pH decline, while the infected tubes still 
continued to show pH changes, even though 
diminished. 

In order to compare the action of washed 
elementary bodies and chorioallantoic mem- 
brane suspension, a number of experiments 
were run in parallel series—one part of the 
cultures being inoculated with washed elemen- 
tary bodies, and the parallel run with the 
membrane suspension. In all experiments, 
i.e., roller tubes and Maximow slides, control 
preparations equal in number to inoculated 
preparations were always set up in identical 
procedures, except for the addition of the 
virus. 


Discussion. The vaccinia virus, both in the 
form of washed suspensions and in the mem- 
brane suspension, seemed to affect the tissue 
cultures and effect cytopathogenic changes. 
At the risk of pushing a point too far it may 
be stated that the washed elementary bodies 
seemed to go to work somewhat more rapidly. 
The time table of changes effected followed a 
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close sequence of events and complete degen- 
eration was attained about 10 days after in- 
oculation. At the peak of the changes ef- 
fected, the contrast between healthy and in- 
fected cultures was very striking. As is well 
known, eventually healthy cultures will also 
undergo degeneration and necrosis and the 
gross appearance of these changes may 
closely resemble the changes called cytopatho- 
genic when referring to infected cultures. 
However, this normally happens several weeks 
after injury and destruction of cells in virus 
infected cultures takes place. 


Specificity of virus action was observed in 
several experiments, where specific antiserum 
from patients known to have a high antibody 
titer to vaccinia, was allowed to act on the 
virus and apparently had a decelerating and, 
in some cases, completely inhibitory action. 
This aspect of the study, and the question of 
survival and quantitation of the virus in 
supernatant fluids, is being studied at present. 

Conclusions. The cytopathogenic effect of 

vaccinia virus in roller tubes and Maximow 
double cover slip tissue cultures was estab- 
lished in its principal aspect of degenerative 
and pathological changes in cell morphology. 
Specificity of this effect was corroborated as 
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far as possible at the present with coordinated 
serological tests and animal experiments. 
Further studies and analysis of visual changes 
by phase microscopy and photomicrography 
are planned. 
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Eosinophile in Human Skin Homografting.* (20167) 


Brarr O. Rocers,t JoHN MARqguis Converse, A. Cecit Taytor, AND Ross M. 


CAMPBELL. 


(Introduced by J. H. Mulholland.) 


From the Department of Surgery, New York University College of Medicine 


The revival of interest in skin homografting 
is evidenced by the increase in the number 
of papers which have appeared in the medical 
literature within the past several years. Many 
of these reports explain the sloughing of most 
skin homografts on the basis of an acquired 


* This investigation was made possible by grants 
from the Atomic Energy Commission and the Mil- 
bank Memorial Fund. Presented at the Tissue 
Transplantation Conference, Arden House, Harri- 
man, N. Y., Oct. 7 and 8, 1952. 

+ Milbank Fellow in Plastic Surgery (1951-1952). 
(At present, Department of Surgery, Presbyterian 
Hospital and College of Physicians and Surgeons, 
Columbia University, New York). 


immunity reaction. In reviewing the litera- 
ture(1-4) it becomes apparent that skin homo- 
graftings have been permanently successful 
only between identical twins(5), or between 
members of the same family(6,7). That the 
compatibility of blood types between donor 
and recipient remains an important factor 
necessary for permanent survival of homo- 
grafts is indicated by other recent reports 
(4,8,9). Extensive skin homograft research 
in animals has been described(10-15). Brown 
and McDowell(16) found ‘many eosino- 
philes” in biopsies taken of the sloughing 
homograft in split-thickness homografting. 
Split-thickness homografting in a child re- 
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ceiving ACTH therapy was reported by Mc- 
Nichol(17); the eosinophile count began to 
rise prior to and during the breakdown of the 
homograft despite the depression of the total 
eosinophile count by ACTH therapy early in 
the immediate post-operative course. Animal 
experiments have demonstrated similar find- 
ings. Rise in the eosinophile count at the time 
of homograft sloughing in rabbits, despite de- 
pression of the eosinophile by ACTH and de- 
sensitization procedures has been described 
(13) 

Our interest in the eosinophile response was 
stimulated by observations of a split-thickness 
homograft from a white donor placed in a fore- 
head defect of a Negro. Microscopic exami- 
nation of biopsies taken at the time of the 
sloughing of this first-set homograft disclosed 
eosinophilic engorgement under the homograft 
dermis. The eosinophilia, in this case, dif- 
fered from the classical reports(19) of an in- 
creased number of lymphocytes in the region 
of a sloughing skin homograft. A rise in 
circulatory eosinophiles was also noted in our 
patient at the time of a second-set homograft- 
ing with skin taken from the same donor. On 
the basis of these observations, a study was 
made of the circulating eosinophiles and of 
tissue eosinophiles in ten cases of full-thick- 
ness skin homografting. 

Experimental homografts in man. Full- 
thickness homografts of identical size were 
placed in similar locations (anterior thigh) 
in surgically created defects and in two cases, 
full-thickness autografts of identical dimen- 
sions were employed on the opposite thigh. 
All autografts took initially and survived as 
permanent grafts. The subcutaneous fat was 
trimmed away from the under surface of the 
dermis in both homografts and autografts, 
and the grafts were secured in position by 
similar types of dressings. Full-thickness 
homografts were used as a matter of expedi- 
ency. It was simpler to remove a uniform- 
sized, round piece of full-thickness skin and to 
fill the resultant defect with a full-thickness 
homograft of equal size. The uniform size 
employed served to minimize variations in the 
eosinophile response which might be attributed 
to the dosage-phenomenon(11). 

Circulatory eosinophilia. Daily white cell 


EOSINOPHILE IN HUMAN SKIN HOMOGRAFTING 


counts and differential counts were made in 
each homografted patient, the total number of 
circulating eosinophiles being determined by 
multiplying the white count by the number of 
eosinophiles in the differential count; this 
eosinophile count was found comparable to 
that obtained in total eosinophile counts de- 
termined by the Dunger chamber technic. The 
white counts, differential counts and_ total 
eosinophile counts in these patients were 
taken at various times of the day; in the ma- 
jority of instances in the mid-morning, about 
2 hours after breakfast. The effect of meals 
on the eosinophile count can be disregarded 
(20). The normal eosinophile count in un- 
grafted, control patients is 80-500 cells per 
cubic mm. The highest eosinophile counts ob- 
tained in each of 10 homograftings (4 of 
these were second-set homograftings), were 
4:301; 4,080; 3,047; 1,374; 1,138; 1,033; 
975: 800; 540; and 484 cells per cubic mm. 
The highest eosinophile counts obtained in 
each of 4 additional autograftings which 
served as controls were 960; 868; 639; and 
552 cells per cubic mm. Penicillin was em- 
ployed in all of our cases. In 6 of the 10 
homograftings, the counts were more than 
twice the normal and in two were 8 times 
normal; one was 6 times normal and another 
3 times normal; in none of the autograftings 
did the count exceed twice the normal range. 
In each case of homografting, however, the 
rise in the number of circulating eosinophiles 
exceeded twice the normal range (Fig. 1). 
Following disappearance of the rejected homo- 
grafts, the eosinophile counts fell to pre-opera- 
tive levels. A single first-set homograft and 
a single second-set homograft from the same 
donor may provoke a highly specific and 
similar response from the host. This is sug- 
gested by the graphs of the eosinophile levels 
of the first- and second-set homografts (Fig. 
1 and 2). 


In one patient, can it be considered mere 
coincidence in both sets of homografts (Fig. 
2) that the eosinophilia charted for each set 
so closely paralleled each other, or that the 
return of the eosinophile count to normal oc- 
curred on the very same day (34th post-oper- 
ative day) in both sets, and further, that a 
secondary eosinophilia with a similar but less 
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FIG. 1. Case A—-The eosinophilia represented by 

black line for the first-set homografting, and by a 

broken line for the second-set. Note that the in- 

tensity of eosinophilia for both sets exceeds 4000 

cells per mm*. These lines fall back to normal 

levels only when the last vestiges of the homograft 
dermal pads have disappeared. 


intense peak of activity followed the primary 
eosinophilia? Is a significant factor of homo- 
grafting, as yet unexplained, involved in this 
occurrence? 

No similar increase in eosinophiles could be 
demonstrated in the 4 autograftings, nor was 
eosinophilia demonstrable in an additional 
case in which a refrigerated split-thickness 
Negro homograft failed to take initially on 
its white recipient. The graft was found to 
have sloughed at the first change of dressing 
on the 5th post-operative day. The failure 
to “take” in this case was attributed by us 
to the fact that the method of refrigeration 
employed had affected the graft and that a 
devitalized graft had been applied. If a de- 
vitalized graft fails to elicit an eosinophile re- 
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action, is the eosinophilia then a response only 
to “living” homograft cells? Swanson eé al. 
(20) found that diurnal variation of the 
eosinophile count resulted in a greater eosino- 
penia in the morning hours. The findings of 
morning eosinophilia in the homografted pa- 
tients of this study, therefore, seem to be more 
striking when compared to the eosinopenia in 
control patients; the eosinophilia is also in 
marked contrast to the eosinopenia noted in 
the post-operative courses of patients who 
have undergone major surgery (21-23). 


Tissue. eosinophilia. Circulatory eosino- 
philia in skin homograftings was accompanied » 
by an increase in tissue eosinophiles in the 
region of the sloughing homograft; the eosino- 
phile count in the tissues was determined by 
the following method: Freshly removed bi- 
opsy specimens consisting of equal halves of 
homograft and of marginal skin of the host 
were immediately immersed in Bouin’s fixa- 
tive, infiltrated and embedded in paraffin, sec- 
tioned at 8 micra and stained with hematoxy- 
lin and eosin. Magnification with an oil im- 
mersion objective (x95) and a No. 10 ocular 
lens was used to count the eosinophiles in one 
field (x950), the slide was moved one field 
diameter, and the number of eosinophiles again 
recorded; fifty adjacent fields were thus 
counted in two separate parts of each biopsy 
section. One of the areas included the junc- 
tion of the host and graft tissue; the other 
consisted of the graft tissue. Counts were 
made on 4 alternate sections from each biopsy 
specimen; the total number of eosinophiles in 
the 400 oil immersion fields was recorded. The 
tissue eosinophilia was found comparable in 
magnitude to the intensity of the circulatory 
eosinophilia. This would seem to support the 
impression that the eosinophile response is 
directed against the presence of a homograft. 


Interpretation of findings. a) The greatest 
intensity of eosinophilia occurred when the 
epithelium of the homograft had sloughed and 
only the dermis remained intact. b) The 
eosinophilia subsided and the count returned 
to normal levels as the last vestiges of the 
homograft’s dermal pad sloughed away. c) 
The number of eosinophiles in a differential 
count increased at the expense of the poly- 
morphonuclear cells, thus establishing an in- 
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FIG. 2. Case B—Close parallelism between eosinophilia charted for first-set homografting 

(black line) and that charted for second-set homografting (broken line). In both cases the 

lines dropped to an almost identical number of eosinophiles per mm® on the very day (34th 
post-operative day) when the last vestiges of the homograft dermal pads have disappeared. 


verse relationship between the two types of 
cells in their responses to homografting. 

Summary and conclusions. 1. In full-thick- 
ness homografts in man, an increase of eosino- 
philes occurred in the circulating blood stream 
and in tissues at the site of the graft. 2. Tissue 
eosinophilia is comparable in magnitude to the 
intensity of the circulatory eosinophilia. 3. 
Eosinophilia seems to be most intense when 
the epithelium of the homograft has sloughed 
and only the dermis remains intact. 4. 
Eosinophilia subsides and the count returns to 
normal levels as the last vestiges of the homo- 
graft’s dermal pad sloughs away. 5. The num- 
ber of eosinophiles in a differential count in- 
creases at the expense of the polymorpho- 
nuclear cells, thus establishing an inverse re- 
lationship between the two types of cells in 
their responses to homografting. 


We wish to thank Dr. John H. Mulholland for 
his stimulating criticism and suggestions in the course 
of this investigation, Dr. Harry H. Shapiro for his 
editorial assistance, and Miss Frieda Steinschneider 
for ther technical assistance. 
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Bacteriology of the Healthy Experimental Animal. (20168) 


Fritz B. SCHWEINBURG AND Etsie M. SYLVESTER. 


(Introduced by Jacob Fine.) 


From the Kirstein Laboratory for Surgical Research, Beth Israel Hospital, and the Department 
of Surgery, Harvard Medical School, Boston, Mass. 


The bacterial flora normally resident in the 
tissues of the abdominal viscera vary con- 
siderably among different species. In ap- 
propriate circumstances, the interpretation of 
experimental data should take account of the 
varying incidence and variety of such resident 
bacterial flora. For this reason, the bacteri- 
ology of the organs and tissues of normal dogs, 
rabbits, guinea pigs, rats and hamsters was 
studied and is herewith reported. 

Technic. Healthy animals, resident for at 
least one week in a clean, air-conditioned 
animal farm, were killed by intramuscular 
nembutal,or ether and autopsied immediately 
after death. Tissue specimens were taken as 
follows: The skin was shaved, washed with 
aqueous zephiran, dried and then burned with 

‘a gas flame until carbonized. The burned 
surface was removed with sterile instruments 
and a piece of the skin beneath excised for 
culture. Connective tissue, fascia and muscle 
were burned and treated similarly. The 
thoracic and peritoneal cavities were then 
opened with sterile instruments. All organs 
to be cultured were flamed in situ and cubes 
of tissue, 12-1 cm in length, were removed, 
flamed briefly, streaked with some pressure 
over Endo and blood plates and then plunged 
into 10 cc of thioglycollate (Brewer) covered 
with paraffin. The blood plates were incu- 
bated in a Brewer jar. Blood, bile, and urine 
were drawn with sterile syringes after flam- 
ing the vessel wall, and cultured similarly. 
Tubes and plates were observed up to 96 
hours, if no growth occurred earlier. Aerobic 
organisms found were identified by routine 
bacteriological methods. When smears of 
growth in thioglycollate showed large gram- 
positive bacilli, aerobic subcultures on agar 
and blood plates were made to exclude aerobic 
bacilli of the subtilis group. These large gram- 
positive bacilli always proved to be anaerobic. 
Fifty of these strains were identified by com- 
parison of the detailed test data against those 
of anaerobic strains classified in Bergey’s 


Manual. One hundred and twenty additional 
strains of clostridia were recovered and were 
tentatively classified by responses to the fol- 
lowing tests: hanging drop, gram and capsule 
stains, blood plate, litmus milk, and sugar fer- 
mentations. All seemed to belong to the first 
group described below. The high frequency 
of clostridia in the dog’s tissues led to repeated — 
checking of ‘instruments, test tubes, culture 
media, etc. These were always found sterile. 
Results. Incidence of Bacteria'in Different 
Species. Dogs. See Table I. The aerobic bac- 
teria found were always gram-negative bacilli. 
They were found only rarely (4% of 228 
cultures) and only in subcultures from thio- 
glycollate in very small numbers. Of the 9 
positive cultures, 8 were E. coli, 1 was Pseu- 
domonas. Smears from some 50 other thiogly- 
collate cultures showed gram-negative bacilli 
in addition to large gram-positive bacilli. But 
since aerobic subcultures of these were sterile, 
the gram-negative bacilli may be considered 
non-viable, or as belonging to the genus Bac- 
teroides a normal inhabitant of the intestines. 
No attempt has been made to identify this 
species. Of the 228 cultures, 61% were 
positive for anaerobic, gram-positive spore 
bearers. If we exclude all cultures of body 
fluids, which were uniformly sterile, this per- 
centage is 80. Rabbits. In 159 cultures from 
rabbits, 29% of all anaerobic cultures were 
positive for clostridia, but 40% of cultures 
from tissues were positive for anaerobic spore- 
bearers. Only 1 positive aerobic culture was 
obtained. This was from a liver and showed 
E. coli and A. aerogenes. Rats, Guinea Pigs, 
and Hamsters. 75 cultures from 15 rats, 60 
cultures from 10 guinea pigs, and 70 cultures 
from 10 golden hamsters, both aerobic and 
anaerobic, were all sterile (Table I). 
Comment. Positive clostridial cultures were 
obtained only from subcultured thioglycol- 
late, never from direct anaerobic blood plates. 
Hence their numbers in the tissues cultured 
must have been very small. They were never 
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TABLE I. Clostridia Recovered from Normal Organs. 
EEE —————————— 
Normal 
Normal dogs Normalrabbits Normal hamsters guinea pigs Normal rats 
No.of %pos. No.of %pos. No.of %pos. No.of % pos. No.of % pos. 
Organs spec. cultures spec. cultures spec. cultures spec. cultures spec. cultures 
Skin 10 Sige aaa 67 10 0 wil 
Muscle 17 76 138 23 10 0 10 0 15 i) 
Heart muscle 16 81 6 50 10 0 — _ — — 
Portal vein 12 17 ail 9 — _ —-° —- — — 
Vena cava 12 0 9 0 = == = = — — 
Lun 20 80 an 45 —_— — = =e — a 
Baye reas 15 87 15 46 10 0 10 0 15 0 
Liver 20 90 15 46 10 0 10 0) 15 0 
Kidney 16 75 15 20 10 0 10 0 15 0 
Urine 6 0 5 0 — — — — — == 
Adrenal 12 (is) 7 57 —— —— — — eae fale, 
Thyroid 13 (el 5 20 — ~- = aoe = peed. 
Spleen 18 83 13 39 10 0 10 0 = — 
Testis ovary 10 80 6 33 — — — = = ese 
Bile 12 0 7 0 a = = oo sas pa 
Peritoneum , 19 16 a5) 0 — == 10 0 15 0 


TABLE II. Incidence of Clostridia by Sampling Similar Areas of Different Livers. 


Three 
Right lobe Right lobe Right middle Quadrangular adjacent 
Liver near hilus near periphery lobe Left lobe lobe samples 
1 Many clostridia’  S* Ss) S S Many 
2 Sterile Few M Many M = 
‘ Few 
M 
3 Sterile Many Ss M S Many 
Few 
4 Few M Many Few Pew Many 
M 
Few 


*§ = sterile; M = moderate. 


present in bile, urine or vena cava blood. 
Rarely they were found in peritoneum and in 
portal blood. A sterile culture from a small 
sample of an organ does not exclude the pres- 
ence of bacteria in the entire organ. Table II 
shows that there is a very irregular distribu- 
tion of clostridia in the dog’s liver. Hence the 
figures underestimate contamination for large 
organs which cannot be cultured in toto. 
Classification of Positive Cultures. Fifty 
strains of the clostridia isolated could be 
divided into 3 groups on the basis of a de- 
tailed morphological and cultural analysis. 
The first group of 30 strains showed all the 
morphological and cultural characteristics of 
Cl. welchit (perfringens) as described in Berg- 
ey’ss Manual of Determinative Bacteriology 


(1948). A second group of 12 strains showed 
the following characteristics: Clotting of lit- 
mus milk delayed (48-96 hours) ; acid and gas 
in dextrose, but not in lactose or sucrose; 
weak or negative hemolysis on anaerobic blood 
plates. Other morphological and cultural 
findings were identical with those of group 1. 
The third group of 8 strains showed the fol- 
lowing: Litmus milk unchanged or very slight- 
ly acidified, but no clotting after 2 weeks. 
Dextrose unchanged or slightly acid without 
gas formation; other sugars not attacked. 
Liquefaction of gelatin slow. No hemolysis on 
anaerobic blood plates. HzS not produced. 
Other findings similar to group 1. 

It was not possible to identify the strains 
of the second and third groups from the list 
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in Bergey’s Manual (1948). This Manual 
lists among 60 species of clostridia (excluding 
those listed in appendix I and II), 8 species 
which are not motile. Of these only 3 are 
capsulated (Cl. welchii, Cl. malenominatum, 
Cl. angulosum). Groups 2 and 3 as described 
above do not show the cultural characteristics 
of any of the 3 species. Group 3 has some 
resemblance to Cl. malenominatum (no coagu- 
lation of milk, lack of sugar fermentation), but 
this species has been isolated only once from 
the feces of a diarrheal infant and is said to 
be very pathogenic to guinea pigs, a property 
not found in Group 3 strains. Nor are Group 
2 or 3 identifiable as the bacillus which Wol- 
bach and Saiki(1) cultured from the normal 
dog’s liver. 

Toxicity of the Clostridia. Identification 
of a strain of Clostridium as Cl. welchii (per- 
fringens) requires the demonstration that it is 
able to produce a soluble toxin. The ability of 
these strains to produce exotoxin was investi- 
gated as follows. Cultures in thioglycollate or 
_pancreatic digest of beef heart(2) were in- 
cubated 2-7 days and filtered through Seitz 
filters. Filtrates were tested for sterility and 
then injected in volumes varying from 1-5 
cc subcutaneously in one group of guinea pigs, 
and intramuscularly in a second group. In 
spite of such large doses, none of the animals 
died or showed any local reaction at the point 
of injection up to a period of 3 weeks. Hence 
the strains examined did not produce exotoxin 
in the test tube in any demonstrable amount. 
[Injection of filtrates into the breast muscle 
of pigeons, as suggested by Logan(2) for 
demonstration of minimal amounts of exo- 
toxin, has not been done.] But results were 
different when pure cultures of eight strains, 
grown in thioglycollate for 3-5 days, were 
injected intraperitoneally or subcutaneously 
into healthy guinea pigs. Sterile thioglycol- 
late was injected in similar volumes into other 
guinea pigs serving as.controls. Four of eight 
animals injected intraperitoneally with 5 cc 
of the thioglycollate culture died within 6-24 
hours; the other 4 survived. Two injected 
with 4 cc and 3 with 3 cc all survived. The 
dead guinea pigs showed hyperemia of the 
peritoneum with a very small volume of 
bloody fluid from which the injected strain 
was recovered in pure culture. In 2 of them 
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liver cultures were done and revealed the 
injected clostridia in pure culture, while 
normal guinea pig livers always proved sterile. 

Of 8 guinea pigs injected subcutaneously 
with 5 cc of the same cultures, 6 died within 
6-24 hours and 2 survived. Of 8 injected with 
3 cc two died. Postmortem showed wide- 
spread hemorrhagic edema of the subcutan- 
eous tissue. The peritoneum was hyperemic. 
Cultures of the subcutaneous tissue, periton- 
eum, and liver revealed pure cultures of the 
strains injected. No gas bubbles were found 
even when the autopsy was done a few hours 
after death. Only guinea pigs injected with 
strains of the first group, 7.e., probably C7. 
welchu, died. Control guinea pigs for each 
group, injected with sterile thioglycollate, were 
unaffected by the injection. 

Additional evidence that the clostridia from 
normal dogs’ livers are Cl. welchii is the fol- 
lowing: An aseptically prepared homogenate 
of dog’s liver was injected intraperitoneally 
into normal guinea pigs and into guinea pigs 
which had received 3 cc of polyvalent clostri- 
dial antitoxin* subcutaneously daily for 3 
days prior to injection. Many more untreated 
than treated guinea pigs died (Table III). 
Since the cultures of the strains recovered 
correspond to those of Cl. welchii and to none 
of the other species, it is clear that the anti- 
toxin protected against Cl. welchii and that 
these bacteria produced exotoxin. 

Frequent transfers of cultures in the thio- 
glycollate or cooked meat medium did not 
encourage toxin production, nor did the strains 
recovered from dead guinea pigs show any 
increased toxicity. 

Discussion. Earlier bacteriologic studies of 
normal tissues, beginning in 1885(3,4,5,6) 
showed no bacteria in the organs of rabbits 
or guinea pigs, or the mesenteric lymph glands 
of cattle. The cultures in these studies were 
observed for only 3 days. Ford(7) found 
bacteria in rabbit, guinea pig, dog and cat 
tissue cultures after 5-17 days. But these 
bacteria were non-hemolytic Micrococcus pyo- 
genes, var. aureus and albus, Bacillus mesen- 


*15 cc of this polyvalent antitoxin (Lederle) con- 
tains antibodies against Cl. welchii (10,000 units), 
Cl. septicum (10,000 units) Cl. novyi (1500 units), 
Cl. bifermentans (1500 units), Cl. histolyticum 
(3000 units). 
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TABLE III. Intraperitoneal Injection of Homog- 
enized Dog Liver into Guinea Pigs. 


—No antitoxin— — Antitoxin—, 


Vol. inj., Nowot 3) 5 Death, No.of Death, 

ce animals J animals % 
7 4 75 4 25 
6 4 100 4 25 
i) 14 a7 12 0 
4 14 Pall 10 0) 
3 14 30 10 0 

5 


Summary 48 46 40 


tericus, Bacillus cereus, var. mycoides, Bacal- 
lus megatherium, and Proteus, i.e., non-patho- 
genic bacteria which were very likely con- 
taminants. Gage(8) found bacteria in nearly 
all livers of healthy dogs, but did not identify 
the species. Wolbach and -Saiki(1) found 
clostridia regularly in the livers of healthy 
dogs, but considered them not to be Cl. welchit. 
Others confirmed these  findings(9,10,11). 
Dragsted et al.(12) considered the clostridia 
which they found regularly in the dog’s pan- 
creas to be Cl. welchii. 

It appears that all organs of the healthy 
dog, not only liver and pancreas, are more or 
less regularly contaminated with clostridia. 
These are presumably invaders from the in- 
testine. That they invade va the portal vein 
is suggested by the finding of clostridia in the 
portal vein in 2 of 12 specimens, while their 
incidence in 12 specimens of vena caval blood 
was zero. 

Presumably, the bacteria in the tissues of 
normal animals are located intracellularly, be- 
cause the secretions of organs containing clos- 
tridia were always sterile. Since absorbable 
intraintestinal antibiotics can eliminate clos- 
tridia from the intestine, but not from the 
liver of the healthy animal, those in the liver 
of the healthy animal are not in a stage of 
multiplication. But the protection afforded 
by active and passive immunization against 
clostridial exotoxins and by penicillin and 
aureomycin in certain experimental conditions 
which activate these bacteria(15,16) demon- 
strates the need to consider carefully the role 
of these bacteria in experiments involving the 
abdominal viscera of dogs and rabbits. 

Two observations of interest are the fol- 
lowing: 1) Fifteen liver biopsies from humans 
taken during operation were sterile for aerobes 
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and anaerobes, thus confirming the findings of 
Romieu and Brunschwig(13) and Sborov et 
al.(14); 2) The organs of 10 nearly mature 
dog embryos from 2 mother dogs, which 
showed the usual contamination, were sterile. 

Conclusions. 1) The organs of normal rats, 
guinea pigs and golden hamsters are sterile. 
Blood from vena cava, bile and urine of 
normal dogs and rabbits was always sterile. 
Most of the tissues of healthy dogs, and rab- 
bits to a lesser degree, harbor clostridia. The 
embryos of healthy dogs are sterile. 2) The 
great majority of the strains recovered from 
the tissues of dogs and rabbits show all the 
morphological and cultural characteristics of 
Cl. welchii (perfringens). Toxin production, 
though weak, was demonstrated. 
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Comparison of Respiratory Enzyme Levels in Tissues of Mammals of 


Different Sizes. 


GEORGE H. FRrIED* AND SAMUEL R. TIPTON. 


(20169) 


(Introduced by D. Frank Holtman.) 


From the Department of Zoology and Entomology, The University of Tennessee, Knoxville.t 


Various structural and functional features 
of an organism are known to vary with body 
size(1). The decrease in respiratory meta- 
bolic intensity with increase in body size is 
reflected in a decrease of the respiratory in- 
tensity of several homologous tissues(2). 

There is then an inverse correlation of both 
total and tissue metabolic intensity and body 
size among different species, although intra- 
specific comparisons do not always demon- 
strate this relationship(3). Since there ap- 
pear to be differences in the im vitro respira- 
tion of the homologous tissues of mammals 
of different sizes, it would appear that the 
next logical step would involve analysis of the 
intrinsic factors involved in cellular respira- 
tion to determine whether they too will demon- 
- strate an inverse relationship with body size. 
Therefore succinoxidase and malic dehydro- 
genase activity in the tissues of the mature 
cow, rat, and mouse was measured because 
these enzymes are involved in the major meta- 
bolic pathways of the cell. 

Methods. Albino rats and mice were sacri- 
ficed by decapitation after one day of fasting 
and all tissues were homogenized in glass tubes 
(4) with glass pestles turned at 1700 R.P.M. 
Malic dehydrogenase was determined by the 
method of Potter(5). Manometer readings 


were taken for two 5-minute periods, following 
a 6-minute equilibration with a last check 
reading taken for a final 10-minute period. 
The second 5-minute period was selected for 
the calculation since it gave the most repro- 
ducible results. Enzymatic assays are ex- 
pressed as Qos (mm?® oxygen/mg dry wt/hr). 
Succinoxidase was determined by the method , 
of Schneider and Potter(6) which essentially 


_is a measure of succinic dehydrogenase activ- 


ity, since cytochrome oxidase is in excess in 
the tissues studied. After a 10-minute equili- 
bration, readings were taken for four 10- 
minute periods. Enzyme assays were made 
on the basis of the second 10-minute period. 
Results. As the data presented in Table I 
indicate, with the exception of liver malic 
dehydrogenase of mouse and rat, the activities 
of the tissue enzymes decrease with increase 
in body size, but the enzyme activity-body size 
ratios show considerable quantitative varia- 
tion. There is no significant difference in the 
activity of tissue enzymes from animals of 
the same species even with considerable varia- 
tion in body weight, as shown in Table II. 
Discussion. Although the data in Table I 
show that the decrease in enzyme activity 
with body size is very significant, the lack of 
a logarithmic relationship suggests that con- 


TABLE I. Enzyme Qoz Values for the Tissues of Cow, Rat, and Mouse. 
— Succinoxidase 
Animal No. of exp. Wt, kg Liver Qoz Heart Qos Kidney Qoz Brain Qo» 
Cow 11 340 PNG Way ae Ho} Syils auee 7 hxs3 69%5r2E 5:0) ZO DEE 20 
Rat 14 205 GOM RS 2-8 18720'32 11.0 103.0 5.0 42042.3 
Mouse 12 .031 102.0 4.0 221.0 + 14.0 189.0= 8.0 605 SEZ aI 
Malic dehydrogenase 3 
Cow 11 340 64.2 19.1 51.6 24.1 Boye) seu Be 20.4 = 2.8 
Rat 11 .230 104.0 = 12.0 1327, 0713:0 7510} 1.0 26.7 3.4 
Mouse 10 .030 105.0 + 21.0 170.0 = 54.0 OTS 9 a7, Siem== 2.0 
Sd? 
* Stand. dev. = ‘ 
n—1l 


* Partial fulfillment of requirements for the Doc- 
tor of Philosophy degree at The University of Ten- 
nessee. 


+ Contribution No. 85 from the Department of 
Zoology and Entomology of the University of 
Tennessee. 
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TABLE II. Some Intra-specific Differences in the 
Enzymatic Activities in Mice and Rats. 
Kidney Heart Liver Brain 
Wt,g Qos Qos Qoz Qoz 
————Succinoxidase—Mice 
16 153 188 115 72.4 
26 168 203 116 54.2 
32 162 208 115 67.5 
38 218 234 84.2 WES 
46 160 240 101 55.5 
-————Malic dehydrogenase—Rat———_, 
230 68.4 AT, 121 
360 96.0 139 96.9 
———— Succinoxidase—Rat S 
140 86.5 32-0) 40.0 
172 95.7 59.6 29.9 
210 108 62.5 49.5 
265 93.0 54.7 34.1 


trolling factors may be different from those 
effective in basal metabolism(1), cytochrome 
c(7), and cytochrome oxidase(8). The con- 
stant enzymic activity within a single species 
indicates indirect genetic factors regulating 
metabolic enzymes rather than hormonal or 
other direct somatic factors. That the en- 
zymatic variation might be due partly to dif- 
ferences in homogenization, to deleterious 
effects of freezing (cow), or to dietary dif- 
ferences in the different species appears im- 
probable under the experimental conditions. 
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Summary. Heart, kidney, liver, and brain 
of the cow, rat, and mouse were assayed for 
maximal activity of succinoxidase and malic 
dehydrogenase. The levels of the two en- 
zymes generally reflect the inverse relation- 
ship of metabolism with body size in that the 
tissues of the cow were lowest, those of the 
rat intermediate, and those of mouse highest 
in activity for these enzymes. The enzyme 
levels did not vary as an exact power function 
of body weight, nor were there any intra- 
specific changes in enzyme levels with changes 
in body size. 
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Hemolytic Action of Water Soluble Compounds Related to Mephenesin. 
(20170) 


F. M. Bercer, C. V. Hupparp, ann B. J. Lupwice. 
From Wallace Laboratories, Inc., New Brunswick, N. J. 


The description of the muscle-relaxing and 
paralyzing action of mephenesin(1) led to ex- 
tensive trials of the drug as a substitute for 
curare during anesthesia(2). The use of 
concentrated solutions of mephenesin by the 
intravenous route was, however, soon aban- 
doned because of the frequent occurrence of 
intravascular hemolysis, hematuria and anuria 
(3). During the past few years a number of 
compounds structurally related to mephenesin 
have been discovered that have higher water 
solubility than mephenesin and because of this 
appear more suitable for intravenous adminis- 
tration. The present paper describes the he- 
molytic action of several of these compounds 


and compares this property with the paralyz- 
ing and lethal action of these drugs. 
Methods. Determination of water solu- 
bility was made by spectrophotometric meas- 
urement of saturated solutions of each of the 
compounds at the wave length corresponding 
to maximum absorption, using the specific 
absorbency previously determined for each of 
the compounds. The partition ratio of the 
compounds between water and oil (Ky\,) 
was likewise measured spectrophotometrically 
using cottonseed oil, U.S.P. as the oil phase. 
The partition ratio of the non-aromatic ether 
No. 13 was obtained by measurement of the 
refractive index of the aqueous solutions. 
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The paralyzing action was tested in white mice 
of the CF-1 strain weighing 18-22 g. Groups 
of 10-20 mice were injected intraperitoneally 
at dose levels increasing in geometric progres- 
sion by a factor of approximately 1.5. An 
animal was considered paralyzed when it lost 
the righting reflex for at least one minute. The 
dose producing paralysis in one-half of the 
animals was taken as a measure of muscle 
relaxing and paralyzing activity. The mor- 


tality occurring 7 days after administration of 


the compounds was used in calculating the 
LD;» dose. Hemolytic activity was determined 
according to a modification of Glassman’s 
technic(4). The compounds were dissolved 
in 0.9% sodium chloride solution containing 
0.015 M phosphate buffer adjusted to pH 7.4. 
Freshly washed rabbit red cells were added 
to various dilutions of each compound and 
the time required to achieve 75% hemolysis 
as determined by visual comparison with the 
prepared standard was taken as the end point. 
Results. Certain physical and _ biological 
properties of the compounds are summarized 
in Table I. The high water solubility of cer- 
tain compounds was rather unexpected. Thus 
compound No. 4, the 3-o-ethoxyphenoxy-1,2- 
propanediol, is considerably more soluble than 
the methoxy analogue, while the corresponding 
propoxy compound (not included in the table) 
has a solubility of less than 0.5%. It is of 
interest to note that the 2-0-ethoxyphenoxy- 
1,3-propanediol (No. 14) does not share the 
high solubility of its isomer. The 2-m-tolyl- 
1,3-propanediol (No. 12) differs from its 
isomers in possessing high water solubility. 
There is considerable variation in the values 
of the partition ratios of the various com- 
pounds and there appears to be little relation- 
ship between this factor and the paralyzing 
activity of the compounds. Thus mephenesin 
(No. 2), the most active paralyzing agent of 
the series had a K value which does not differ 
too greatly from that of compound No. 16, 
the least active paralyzing agent. Compound 
No. 4 which is almost as potent a paralysant 
as mephenesin has a K value more than 3 
times greater than mephenesin. An even more 
striking instance of the lack of correlation be- 
tween the value of the partition ratio and 
central depressant activity is obtained by com- 
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FIG. 1. Hemolytic action of certain glycerol ethers 
shown by plotting the logarithm of time required 
for 75% hemolysis against the logarithm of the 
molar concentration of the compounds. The curve 
numbers refer to the compound numbers in Table I. 


paring the two isomeric benzyl ethers (No. 6 
and 15). Both these compounds possess simi- 
lar paralyzing activity although one has a K 
value 10 times greater than the other. 


The hemolytic action of the compounds. is 
illustrated in Fig. 1 in which the logarithm of 
the time required for 75% hemolysis is plotted 
against the logarithm of the molar concentra- 
tion of the compounds. The dosage response 
curves for the various compounds do not differ 
too greatly in their slopes. This may suggest 
a similar mechanism of hemolysis. It appears 
likely that the differences in hemolytic action 
between these compounds are quantitative 
rather than qualitative. Table I gives 2 para- 
meters that can be used.as a basis of compari- 
son. One is the concentration in grams per 
100 ml causing 75% hemolysis in 100 min- 
utes. The other is the time in minutes re- 
quired for a M/10 solution to produce 75% 
hemolysis. 


The relationship between paralyzing ac- 
tivity and hemolytic action is of interest. 
Mephenesin, the strongest paralyzing agent, 
also has the strongest hemolytic action, while 
compound No. 16 which is the weakest para- 
lysant also possesses least hemolytic action. 
The other compounds studied fall between 
these two extremes. 

There appears to be a general relationship 
between hemolytic action and toxicity. Me- 
phenesin exhibits greatest hemolytic action 
and toxicity while compound No. 16 is least 
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noxious in both respects. The remaining com- 
pounds show fair correspondence between 
toxicity and hemolytic value. 

Discussion. To produce muscular relax- 
ation during anesthesia a centrally acting 
relaxant such as mephenesin has certain ad- 
vantages over peripherally acting relaxants 
because it permits relaxation without depres- 
sing respiration(5). Although mephenesin 
proved an effective drug for the production of 
muscular relaxation during anesthesia(6) the 
intravenous use of the drug was almost com- 
pletely abandoned because of the occurrence 
of intravascular hemolysis. It was shown 
that the hemolytic action of mephenesin is 
independent of the total amount injected but 
depends on the concentration of the solution 
used, the presence of other hemolytic agents 
used as solvents and the rate of injection(7). 
Several of the water-soluble compounds re- 
ported in this paper have been previously de- 
scribed(8) but data concerning their hemolytic 
power have not been published. Ginzel(9) 
investigated the hemolytic action and pharma- 
cological properties of o-methoxy, o-ethoxy 
and o-propoxyphenyl glycerol ethers and 
recommended the methoxy compound for 
clinical use because of its low hemolytic ac- 
tion. The present paper confirms the low 
hemolytic action of this compound. The 3- 
(2,6-dimethoxyphenoxy )-1,2-propanediol orig- 
inally prepared by Meltzer and Doczi(10) 
and considered unsatisfactory by them, ap- 
pears equally effective and non-hemolytic as 
the o-methoxy compound. Lambooy(11) pre- 
pared the very soluble o-fluoro analogue of 
mephenesin but did not evaluate its hemolytic 
action. Hine, et a/.(12) found that l-ethoxy- 
3-isopropoxy-2-propanol was very water-solu- 
ble and recommended the further study of the 
compound. The present paper shows that 
the hemolytic action of this substance is very 
low making the compound in this respect 
superior to all others tested. The very weak 
paralyzing action of the compound may make 
its clinical use impractical. 

To administer mephenesin safely by the 
intravenous route it is desirable to use a solu- 
tion not stronger than 1%. The average 
effective dose of mephenesin for relaxation 
during anesthesia is 1 g, necessitating the in- 
fusion of 100 ml of liquid. If it is assumed 
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that the molar activity of the compounds in 
man is proportional 'to that observed in mice 
it would be necessary to inject 1.62 g of com- 
pound No. 3 to obtain a similar effect as ob- 
served after 1 g of mephenesin. The safe 
concentration of the solution would be 3.66% 
so that only about 44 ml of this solution would 
be required. To obtain equipotent effects the 
injection of 51.5 ml of a 2.15% solution of 
compound No. 4 or 52.5 ml of a 9% solution 
of No. 16 would be necessary. Since the de- 
toxification mechanisms are probably taxed 
less after administration of the more potent 
compound the use of compound No. 4 would 
be preferable to compound No. 16. 


Summary. The hemolytic action of 16 
water-soluble ethers of glycerol has been ex- 
amined and compared with their paralyzing 
and toxic action. Mephenesin was the most 
potent paralyzing agent and also possessed 
strongest hemolytic action. The 3-o0-ethoxy- 
1,2-propanediol which approached mephenesin 
in paralyzing action, had only about one-half 
of its hemolytic activity. Several other water- 
soluble compounds which have considerably 
weaker hemolytic activity have been found. 
These compounds, however, were also much 
poorer paralyzing agents than mephenesin. 
No significant correlation between the solu- 
bility of the compounds, their water-oil par- 
tition ratios, and their paralyzing and hemoly- 
tic action was evident. 
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The discovery by Hitchings et al.(1) of the 
inhibitory effect of a series of 2,4-diamino 
pyrimidines on L. casei led to their screening 
for anti-tumor effects in experimental animals. 
Clarke et al.(2) first noted the inhibitory 
action of these compounds on Sarcoma 180 in 
mice, and since that time they have also been 
shown to have an effect on various strains of 
transmitted mouse leukemia(3). Certain of 
these compounds have potent antimalarial ac- 
tivity(4) and cause many of the symptoms of 
antifolic toxicity in experimental animals(3, 
5). The administration of 2,4-diamino-5- 
(3'4’-dichlorpheny])-6-methylpyrimidine (SK 
5265) to both dogs(6) and patients(7) causes 
a megaloblastosis in the bone marrow. With 
these compounds remissions are achieved in a 
certain percentage of children with acute leu- 
kemia(7). Since acute leukemia eventually 
develops resistance to all forms of therapy now 
known it was felt worthwhile to study the 
development of resistance to this new agent. 
In order to provide another. system for the 
study of resistance to SK 5265, attempts were 
made to develop an SK 5265-fast strain of 
Streptococcus faecalis (ATCC 8043), an or- 
ganism ordinarily requiring folic acid and 
very sensitive to the inhibitory action of SK 
5265(8). 

Method. Streptococcus faecalis (ATCC 
8043) was grown for 18 hours at 37°C on 
Difco Folic Acid Assay broth in the presence 
of 1 my/ml of pteroylglutamic acid (PGA). 
When inoculated into similar broth contain- 
ing the same amount of PGA and concentra- 
tions of SK 5265 varying from 3-300 my/ml, 


* This investigation was supported by ‘a research 
grant from the National Cancer Institute, of the 
National Institutes of Health, Public Health Service, 
by an institutional grant from tthe American Cancer 
Society, and funds from the Damon Runyon Memor- 
ial Fund for Cancer Research, the Lasker Founda- 
tion, the Grant Foundation. 

+ Research Fellow of the National Cancer Institute. 


there was not half maximum growth in any 
of the tubes, but there was slight growth just 
visible after 48 hours in tubes containing 
3, 10, 30 and 100 my/ml. Subcultures from 
the tube with the highest concentration of the 
drug were made into another set of tubes con- 
taining varying concentrations of the com- 


pound by a technic somewhat similar to those 


used to develop resistance to amethopterin in 
S. faecalis(9) and Leuconostoc citrovorum 
(10). 

Results. A culture from the tube contain- 
ing 100 my/ml of SK 5265 was inoculated 
into tubes containing 30, 100 and 300 my/ml, 
but even after 96 hours no growth occurred in 
concentrations above 30 my/ml. On the third 
transplant generation, however, growth oc- 
curred at 100 my/ml and on the fourth at 300 
my/ml. As can be seen from Fig. 1, resistance 
to SK 5265 appeared very gradually and in a 
step-wise fashion. On the fourth transfer 
some growth occurred at 300 my/ml but from 
there to the 12th transfer no further increase 
in resistance was achieved. By the 16th 
transfer some growth occurred at 3 y/ml. 
After a total of 54 transfers, growth occurred 
in 20-24 hours in liquid medium containing 


- 1 my/ml of PGA and 100 y/ml of SK 5265, 


and the organism is now being maintained on 
such a medium. In more quantitative experi- 
ments half maximum growth (HMG)_oc- 
curred in the presence of 45 y/ml of SK 5265 
whereas with the parent organism HMG had 
occurred at 0.2 my/ml. No morphologic dif- 
ferences between the sensitive and resistant 
variants could be detected in Gram stained 
preparations. The resistant ‘organism, S. 
faecalis/D, however, had lost its requirement 
for added PGA and grew on Difco Folic Acid 
Assay Medium without supplementary PGA 
in the presence or absence of SK 5265. This 
phenomenon has been confirmed in a second 
experiment in which resistance to SK 5265 
was again induced in the parent strain of S. 
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faecalis. After 13 passages in increasing con- 

centrations of SK 5265 the organism was re- 
sistant to 3 y/ml SK 5265 and would also 
grow on a Difco Folic Acid Assay Medium 
with no PGA or SK 5265 added. 

When the parent strain of S. faecalis 
(ATCC 8043), an amethopterin resistant 
strain S. faecalis/A, (maintained in a me- 
dium containing 100 y/ml amethopterin and 
no PGA), and the SK 5265 resistant 
strain S. faecalis/D, were studied for their 
sensitivity to amethopterin and SK 5265, 
by the technic of half maximum inhibition 
(HMI) of growth, the results presented in 
Table I were obtained. From this it can be 
seen that in the strain resistant to amethop- 
terin there was an increase in resistance to this 
drug some 3 million fold, and a cross-resis- 
tance to SK 5265, approximately 250 fold. 
When the organism that had been made re- 
sistant to SK 5265 was compared to the parent 
strain, however, it was noted that there was 
a 225,000 fold increase in resistance to SK 
5265 and a cross-resistance to amethopterin 
of approximately 10,000 fold. 

Discussion. The development of resistance 
to SK 5265 by S. faecalis is analogous to the 
resistance developed to amethopterin(9). The 


amethopterin resistant strain (S. faecalis/A) 
maintains the same requirement for CF but 
a somewhat smaller requirement for PGA 
(11). This requirement can also be met by 
many of the compounds that for the parent 
strain behave as antagonists of PGA(9,11). 
Although it is impossible to state with cer- 
tainty at the present time whether this is due 
to the utilization for growth of these com- 
pounds or to a slight contamination of these 
compounds with PGA or related growth pro- 
moting substances, the latter possibility seems 
more likely. Resting cells of this strain pro- 
duce 85-250 times as much CF from a given 
quantity of PGA as do resting cells of the 
parent sensitive strain of S. faecalis(12). The 
strain of Leuconostoc citrovorum made resis- 
tant to amethopterin(10), however, main- 
tained the same CF requirement as the sensi- 
tive parent strain, and was unable to utilize 
PGA any more efficiently than the parent 
strain. Even though a 2000 fold increase in 
resistance. to amethopterin was achieved, the 
cross-resistance to SK 5265 increased only 
10 fold(10). The SK 5265 resistant strain 
(S. faecalis/D), however after 13 generations 
of exposure to SK 5265 in the presence of 
PGA developed the ability to grow on Difco 
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TABLE I. Effect of Amethopterin and SK 5265 on 
"= 3° Strains of |S. faecalés.* 


—————————— Sa 


_— my/ml — 
Amethopterin SK 5265 
HMI HMI 
S. faecalis 8043 al VE 
S. faecalis/A 300000 50 
S. faecalis/D 1000 45000 


* All aaa Caine PGA at 1 my/ml. 


Folic Acid Assay medium without either 
PGA or SK 5265. It also has been observed 
that S. faecalis/D will grow in 18 hours to 
half maximum growth or more on certain 
other PGA deficient media in the absence of 
added PGA. On these same media S. faecalis 
will not grow at all in the 18 hour incubation 
period. It has been suggested previously in 
S. faecalis(8) and in mice(3) that SK 5265 
acts at a higher level than amethopterin in the 
folic acid citrovorum factor metabolic path- 
way. 

Preliminary experiments indicate that S. 
faecalis/D has become very efficient in the 
formation of CF from PGA. This alteration 
along with the greatly decreased PGA re- 
quirement indicates that the development of 
resistance to SK 5265 has followed the same 
pattern as the amethopterin resistance in S. 
faecalis. This resistance, however, appears 
to be more outstanding in one part, 7.e., the 
greater decrease in the PGA requirement of 
this culture. Biochemical studies are under- 
way at the present time to further elucidate 
these mechanisms. 

Summary. 1. By growing S. faecalis (ATCC 
8043) in a liquid medium containing succes- 
sively higher concentrations of 2,4-diamino-5 
(3’4’-dichlorphenyl)-6-methylpyrimidine (SK 
5265), a thousand fold increase in resistance 
as evidenced by complete inhibition of growth 
and a more than two hundred thousand fold 
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increase in resistance as demonstrated by the 
half maximum inhibition technic has been 
achieved. 2. No morphologic differences be- 
tween the sensitive S. faecalis (8043) and 
the resistant variant could be detected. 
3. The resistant organism has lost its require- 
ment for supplementary PGA in Difco Folic 
Acid Assay Medium and certain other PGA 
deficient media. 
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Streptomycin-resistant Neisseriae and Es- 
cherichiae were found to be non-pathogenic 
for mice unless the animals were treated with 
the drug(1,2). It was therefore to be ex- 
pected that strictly dependent mutants should 
be applicable for immunization purposes in 
untreated animals. However, Brucellae strict- 
ly dependent on streptomycin have not yet 
been described, although some strains grow 
more abundantly in its presence(3). The fol- 
lowing experiments were carried out with a 
strictly dependent mutant of Br. abortus 
which required for its optimal growth a con- 
centration of 0.01% of streptomycin. 

Origin of the strain. In the course of studies 
on ‘the number of resistant mutants in cultures 
of Br. abortus(4) several broth cultures de- 
rived from single colonies were exposed to a 
0.01% concentration of streptomycin. In one 
culture some mutants which survived after 
an exposure to 0.01% of the antibiotic grew 
better at this concentration than at 0.001% 
and 0.0001%. They were continuously sub- 
cultured on broth containing 0.01% of strep- 
tomycin, lost gradually their ability to grow 
at lower concentrations of the antibiotic and 
became finally dependent upon it. 

Toxicity. The strains to be examined were 
grown on trypticase-soy-agar and washed off 
with small amounts of saline. Then cooled 
acetone was added, the dead cells were re- 
moved by centrifugation, resuspended in ace- 
tone, centrifuged again, dried im vacuo and 
prepared as 1% suspensions in saline. One 
half of each suspension was left unheated, 
while the other half was heated at 100°C for 
2 hours. Corresponding groups of 10 mice 
received 12, 10, 8, 6 and 4 mg of unheated 
and heated bacteria intraabdominally and 
were held under observation for 14 days. The 
LD50 was 9.2 mg for the streptomycin-de- 
pendent, 9.6 mg for the streptomycin-resistant 
and 7.3 mg for the non-resistant Br. abortus 
19 parent strain. No differences were ob- 


served between toxicity of unheated and 
heated bacteria. 

Infectivity. Fresh agar cultures were 
washed off with broth and suspensions were 
prepared which contained 3.2 x 10° Brucellae 
per cc. Suitable dilutions of this suspension 
were poured into plates and the dose to be in- 
jected checked by plate counts. Groups of 
20-25 mice received intraabdominally varying 
quantities of Brucellae suspended in 0.5 cc of 
broth. After suitable time intervals groups 
of five mice were killed by ether, the organs 
removed aseptically, ground with glass powder 
in porcelain mortars and the homogenous sus- 
pensions of fine particles were taken up in 50 
cc of streptomycin broth. From these sus- 
pensions series of tenfold dilutions were made 
and 0.2 cc of suitable dilutions plated. The 
average number of Brucellae per organ was 
determined by plate counting. Table I shows 
the bacterial counts in the organs of mice in- 
fected with the non-resistant parent strain 
(NR) and the streptomycin-dependent mu- 
tant (D). When 3 x 10° NR-bacteria were 
injected, concentrations of more than 10° bac- 
teria per spleen were observed and the bacteria 
persisted after 60 days. When the same 
quantity or 10 and 100 fold quantities of D- 
bacteria were injected, no such concentrations 
were ever observed, and the bacteria dis- 
appeared within 45 days from the spleen. 
When a 1000-fold infective dose of D-bacteria 
was given, more than 10° bacteria per spleen 
were counted, but they disappeared within 60 
days. The administration of streptomycin did 
not prevent the final disappearance of the 
D-bacteria from spleen and liver. The spleen 
enlargements produced by D-bacteria were 
relatively small, and 5 x 10° of them were 
needed in order to produce enlargements for 
which about 5 x 10? NR-bacteria were suffi- 
cient as shown in Table II. 

Agglutinogenic power. Twelve rabbits were 
divided into 4 groups and received at 3-day 
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DABLE I. Number of Brucellae in the Organs of White Mice Infected with Strains NR (Non- 
Resistant against Streptomycin) and D (Streptomycin-Dependent). 


No. of Brucellae per organ at intervals (days) after onset 


No. of bae- of infection i 
Organ Strain teria inj. 8 14 30 45 60 
Splee NR 3 Oe 3) ceLgs ea Sune 202 oe Tr 
eae oe 2 . 10° : 5 X 10° 5 X 102 1X 102 0 
Ay dle eScino2 8 x 10? 0 0 
am ali0% fe SE AME Be LOZ 0 0 
Deconie 8 10= Sean? Pasa) abe 0 0 
a < 1ee 9X 1:08 Deoreed KOR IPS 102 0 0 
Doe LOS Sexes WESC Os 0 0 
Liver NR Be ANY BE Scal0? ONS als li Se E04 by anki? tse ke 
D Se eali0? 4 >< 108 TOSS 10? 0 0 
ce Dex kOe SSee2 0 0 
5 1107 Dex e108 2 SCLO2 0 0 
ne BESS shoe Sl02 0 0 0 
Bye ale BY Se kN 0 0 0 0 
a) SS INO: 2G? 210" 0 0 


a 


* Received daily 1 mg streptomycin 7 
a 1 mg ¥ il 


EY ”? 


days following onset of infection. 
” ” 29 ” 9? 


TABLE II. Average of Relative Spleen Weight, Expressed as % of Body Weight, in Group of 


Infected Mice. 


Normal value 0.6. 


Time after ,———Relative spleen wt after inj. of No. of Brucellae—, 
Strain anje\(days). oss dl08 "Boe al Oeeerd) x OOS no col\) seer eel 0 eaerom erble 
ee =) 8 1.0 a 5 
NR a a Lo 1.4 ala 1.0 6 
{| 30 it 1.2 1.0 7 
i 8 8 wy 6 3) 
D 15 9 apa 6 6 
30 9 6 fh oD 


intervals intravenously 1.0, 2.0 and 3.0 cc of 
- suspensions containing 10° D- or NR-bacteria 
per cc, both living and killed by acetone. At 
different time intervals after the last injection 
blood was taken and the agglutinin titers de- 
termined. Table III shows that the average 
agglutinin titer in the groups immunized with 
dead bacteria decreased quickly and reached 
the value of 1:200 after 45 days. No differ- 
ences of agglutinogenic power were observed 
between dead NR- and D-bacteria. On the 
other hand, the agglutinins persisted for a 
longer period after the administration of living 
bacteria. Although the initial titers were 
nearly equal for both living NR- and D-bac- 
teria, they decreased more quickly when living 
D-bacteria were employed. 

Guinea pigs received 3 injections of 3 x 10° 
bacteria at 10-day intervals. Thirty days after 
the last injection, titers of 1:1000 were ob- 
served in sera of the animals treated with 
living NR-bacteria; 1:500 in those which were 
treated with living D-bacteria, while in the 


groups treated with acetone-killed bacteria the 
titers did not rise over 1:200. 

Immunization experiments. Groups of 20 
mice received intraabdominally varying quan- 
tities of living D- and killed D- and NR-bac- 
teria. Three injections were given at 7-day 
intervals. 30 days after the last injection, all 
immunized mice and a group of 20 untreated 
mice received 10° Brucellae (Br. abortus 
2308) intraabdominally. Five mice were 
killed at different periods after the challenge 
infection and the average number of Brucellae 
per spleen determined. Bacterial counts on 
plain agar and streptomycin-agar showed how 
many organisms of the immunizing D- and the 
non-resistant challenge strain were present. 
Table IV shows that in the group immunized 
with 1.5 x 10% living D-bacteria the NR- 
bacteria did not appear in the spleen so long 
as D-bacteria were still present. In the groups 
treated with killed bacteria the number of 
the NR-challenge bacteria was markedly 
reduced as compared with their number in 
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TABLE IIT. Average Agglutinin Titers in Serums of Rabbits Immunized with Living and 
Acetone-Killed D- and NR-Bacteria. 


Titers observed in sera at different intervals (days) 


after last inj., K 1000 


Bacteria inj. i 14 30 45 60 90 
NR, living 1: 90 ies lal) ikaehy) 1:5 i ee?) Lael 
D, living 1:100 1:120 1:50 Ta ea 1:0.5 
D & NR, killed 1: 40 13°22 hao 10-2 IES” L030 


by acetone 


TABLE IV. Immunizing Effect of 3 Injections of Living and Acetone-Killed D- and Acetone- 
Killed NR-Bacteria. 


No. of Brucellae/spleen (D and NR) at different intervals 
(days) after inj. of challenge dose 


if aN — 15 ‘ 30 
Antigen inj. No./inj. D NR D NR NR 
15 >< 10% 2 AO? 0 0 a Se UE (0) 
D living SOE a Sy SCO Be ea KC 0 Bc LO? 0 
<< 1108 0 25 105 0 4 10° Geel 02 
a0" 0 3x 10? 0 2x 108 4 x< 10? 
D killed DS0e 0 2c 1.02. ) 2x 104 ee xenliOs 
x Oe 0 2x 10° 0 2 >< 10* oe eal Uh: 
f Kolo 0 Sl? 0 oe OF OE 10% 
NR killed 4 oF 0 Salo? 0 2 >< 10° fs 
x 108 0 TP Sei04 0) TSC 108 4 x 104 
Controls untreated 0 Bese aloe i) ASC 104 1 >< 10 
the untreated animals. The number of the 60 days. Spleen enlargements were observed 


NR-challenge bacteria was lower in the spleen 
of mice immunized with living D-bacteria than 
in those immunized with dead D- or NR-bac- 
teria. Living NR-bacteria were not em- 
ployed for the immunization since by the 
method employed it was impossible to de- 
termine whether the bacteria isolated after 
the challenge injection belonged to the im- 
munizing or to the challenge strain. 

Stability of the D-mutant. The D-strain 
was subcultured 6 times at monthly intervals 
on agar slants containing 0.01% of strepto- 
mycin and the appearance of non-dependent 
mutants tested for by inoculation of 10! 
bacteria on plain agar and broth. No growth 
appeared without the presence of streptomy- 
cin. 

Summary. A streptomycin-dependent mu- 
tant (D) of B. abortus (strain 19) showed the 
following properties: 1. Its toxicity for mice 
was almost equal to that of the streptomycin- 
resistant (R) and non-resistant (NR) parent 
strains. It produced infections of limited du- 
ration with relatively low concentrations of 
microorganisms in the spleens of white mice, 
and disappeared from the spleen within 45 to 


when 5 x 10° or more microorganisms were 
injected. Subcutaneous injection in man did 
not result in serious reactions. 2. The agglu- 
tinogenic power of the acetone killed D-bac- 
teria in rabbits and guinea pigs was equal to 
that of NR-bacteria. As living antigens D- 
and NR-bacteria produced high initial titers, 
but those produced by the D-bacteria de- 
creased more quickly. Three injections of 
living D-bacteria prevented completely the 
appearance of virulent NR-bacteria given as 
challenge dose in the spleen or lowered their 
number markedly as compared with the non- 
immunized controls. Killed vaccines prepared 
from NR- and D-strains did not exert such 
marked effects. 
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In connection with our investigation of the 
effect of aureomycin on meningopneumonitis 
virus in chick embryos(1), it was felt desirable 
to determine the distribution and persistence 
of the antibiotic in this host following inocula- 
tion into the allantoic cavity. This report 
summarizes the findings obtained in these de- 
terminations. 

Materials and methods. Chick embryos 
were inoculated with 1 mg of crystalline aureo- 
mycin by the allantoic route, and at various 
intervals thereafter tissues, allantoic fluids and 
plasma were harvested. For assay of the drug 
content in allantoic fluids, a sample of a pool 
of fluids from 3 eggs was used. Allantoic 
membranes were usually removed from the 
same eggs from which fluid samples had been 
taken, washed 6 to 7 times in broth-buffered 
water mixture and triturated in a Ten Broeck 
grinder. ° The resulting suspension could be 
removed from the grinder with a pipette with- 
out the addition of diluent. Organs were 
ground in a mortar with saline. Plasma was 
obtained by collecting blood from 12- to 13- 
day embryos (younger embryos were found 
to be unsatisfactory for bleeding with syringe 
and needle) in an equal volume of 2% sodium 
citrate. The bleeding of the embryos was 
done by making a window in the shell over a 
large vessel of the allantoic membrane. Sterile 
mineral oil was used to make the shell mem- 
brane transparent, and blood could be drawn 
from the vessel without entering the allantoic 
cavity. All preparations were frozen im- 
mediately and kept at —20 to —25°C until 
the assays were done. At the time of assay 
an equal volume of saline was added to the 
Suspensions of membranes and organs and 
extraction of aureomycin was allowed to pro- 
ceed at room temperature for 30 to 60 
minutes. The assay was done on the saline 


* This work was supported by a Contract between 
the Office of Naval Research, Department of the 
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extract. All figures are presented as y per 
ml. Conversion to y per g was not warranted 
because the values are not absolute values but 
rather approximations (complete extraction 
was not possible). The zero hour interval in 
Table I actually involved 2 to 5 minutes to 
carry out the harvesting procedure. Each egg 
at this interval was inoculated and harvested 
immediately. This was true of the embryos 
which were bled also; the shell windows were 
prepared beforehand. The method of assay, 
that of Dornbush and Pelcak(2), was sensi- 
tive to + one 2-fold dilution step. 


Experimental. It can be seen in Table I 
that the amount of drug present in the allan- 
toic fluid immediately after inoculation (0 
hour) was only slightly less than the expected 
theoretical amount based on dilution of one 
mg of drug in the allantoic fluid of the egg. 
Though there appeared to be some variation 
in the actual values (2-fold variations are con- 
sidered within limits of experimental error), 
the general picture was one of a progressive de- 
crease in the amount of the drug with time. 
The difference between concentrations of 
aureomycin at time zero in the fluids of 9-day 
and 11-day embryos can be explained by the 
larger amount of allantoic fluid in the 11-day 
eggs. It is interesting, however, that the rate 
of loss was much greater in the 11-day-old 
embryos. The difference is especially signifi- 
cant in view of the fact that the increase in 
amount of allantoic fluid and hence progres- 
sive dilution of the drug in the course of 
growth is greater in the embryos which are 9 
days at time of treatment, than in those which 
are 11 days old. 

The changes in the amount of drug asso- 
ciated with the allantoic membrane in rela- 
tion to time seemed to be similar to those 
observed with fluids but on a much lower scale. 
As mentioned under materials and methods, 
the figures in Table I for the amount of drug 


per ml of membrane or organ do not represent 
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TABLE I. Concentration of 


N BY RACHITIC CARTILAGE 543 


Aureomycin-in Embryo Tissues.* 


Allantoic fluidt Allantoic membranet 


Plasma} (y/ml) yee = Oreans (y/ml) 


Time (y/ml) (y/ml) Embryo Liver Brain Heart 
(hr) 9 day 11 day 9 day 11 day -— 11 day —, -—11 day—, 
0 150 US 6.2 a2: 6.2 
1 125 5.2 0 
2 45 ile7f 1.5 1-;.. 1255 0) 2 0) 0 
3 50 12.5 
4 1.0 VES Sl 6) 
6 150 20 4.0 dei <a 1.5 1:5 2 0) 0 
8 100 12 <i 
20 : 7 0) > 
25 50 7 6.3 1.5 0) Kil O37. a2, 0 0 
48 40 2 7.0 5 0 6) 6) 0 
72 12 4.0 
96 2 37 0) 0) 0) 0 
120 7 ES) 
144 0.75 a 0) 0 ) 


Sensitivity varied from 0.05 to 0.1 y/ml. 


* In most instances, crystalline aureomycin + glycinate buffer was used (unbuffered crystalline 
aureomycin was used in two instances with essentially the same results). 

t Determinations: on fluids and membranes were carried out in several experiments, and most 
figures represent the average of two or three results. 

t Because of irregularities, three individual experiments (corrected for dilution factor) are shown. 


the exact amount of ‘the drug which is associ- 
ated with the tissue. However, it can be 
seen that a continuous decrease in amount of 


Summary. Data were presented on the 
distribution and persistence of aureomycin in 
the allantoic fluids and tissues of 9- and 11- 


aureomycin occurred with the increase in day-old embryos following injection of the 


time. 


drug into allantoic cavity. The drug was 


The results of assays on plasma appear found associated with allantoic fluid, mem- 


somewhat irregular. It would seem, however, 


brane, blood and liver, but not with brain or 


that drug was present in the blood stream but heart. The amount of drug found following 


for a short time. 
Of the organs tested, the liver was the only 


injection decreased with an increase in time. 


aureomycin. This was an exceedingly small 
quantity. No organs other than the brain, 
heart and liver were harvested because of the 
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Little is known concerning oxidative pro- cesses in cartilage. Oxygen uptake has been 
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+ Work done under Post-Doctorate Fellowship of 
the National Institutes of Health, U. S. Public 
Health Service. 


demonstrated(1-3) but in amounts so small 
as to be comparable only with the oxy- 
gen consumption of mammalian erythrocytes. 
Articular cartilage of the horse and of the 
rabbit has been shown to reduce methylene 
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FIG. 1. Reduced triphenyltetrazolium chloride (TTC) deposition in epiphyseal cartilage cells of a 
rachitic rat bone slice after 1 hour incubation at 37°C in 0.5% TTC-Ringer-phosphate in an at- 


mosphere of 100% nitrogen. A—-Epiphysis. 


blue, with a concomitant increase in oxygen 
consumption(2). Only traces of cytochrome 
have been seen on spectroscopic examination 
(3) and none was demonstrable histochemi- 
cally(4). Follis(5) has shown both succinic 
and citric dehydrogenase activity in cartilage. 
Calcification of rachitic rat epiphyseal carti- 
lage slices im vitro has been shown to proceed 
equally well in both oxygen and nitrogen(6). 
It has been shown(7,8) that 2,3,5,-triphenyl 
tetrazolium chloride (TTC), a _ colorless, 
water-soluble reagent, when incubated with 
viable tissue slices, is connected to a deep red, 
water-insoluble formazan which is deposited 
within the cytoplasm of the cell. This pro- 
cess is thought to occur as a result of its re- 
duction by intracellular dehydrogenase ac- 
tivity. The reduction of ditetrazolium salts 
by liver homogenates(9) and of TTC by liver, 
kidney and adrenal slices(10) has been found 
to take place more actively under anaerobic 
than aerobic conditions. This phenomenon 
has been interpreted as evidence of a compe- 
tition between the tetrazolium salt as a hydro- 


B—Epiphyseal cartilage. C—Metaphysis. 


gen acceptor and the cytochrome-cytochrome 
oxidase system(9). 

In the present study TTC has been incu- 
bated in vitro with rat epiphyseal cartilage 
slices under anaerobic and aerobic conditions. 
A profound difference has been noted in the 
extent of TTC reduction by cartilage cells 
under these conditions, comparable to that 
observed with other tissues. 

Methods. Thirty-day-old male rats (Car- 
worth Farms), mildly rachitic after 7 to 10 
days on the Schneider-Steenbock low-phos- 
phorus diet(11), were sacrificed by a blow 
on the head, and contiguous thin slices of the 
upper ends of the tibiae were cut free-hand. 
These were placed in Erlenmeyer flasks con- 
taining 10 cc of Ringer-phosphate (pH 7.4) 
and 0.5% TTC. Following equilibration for 
5 minutes with 100% oxygen or 100% nitro- 
gen, incubation was carried out in a closed 
system for one hour at 37°C with constant 
slow shaking in the Warburg bath. Since the 
colored formazan fades on exposure to light, 


the bone slices were examined immediately 
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FIG. 2. Absence of reduced triphenyltetrazolium chloride (TTC) deposition in epiphyseal car- 


tilage cells of a rachitic rat bone slice after 1 hour incubation at 37°C in 0.5% TTC-Ringer-phos- 
phate in an atmosphere of 100% oxygen. A—-Epiphysis. B—Epiphyseal cartilage. C—Metaphysis. 


after incubation under 80x magnification for 
evidence of formazan deposition and photo- 
graphed to obtain a permanent record. 
Results. In slices equilibrated with an 
atmosphere of nitrogen during incubation a 
regular pattern of formazan deposition could 


‘be seen within the cartilage cells throughout 


the epiphyseal cartilage plate (Fig. 1). In 
contrast, there was virtually no deposition of 
formazan in the cartilage cells exposed to an 
atmosphere of 100% oxygen during incubation 
(Fig. 2). The difference was consistently 
noted in all 24 experiments (Table I). 

The adjacent epiphyseal and metaphyseal 
bone was diffusely stained by the formazan, 


_assuming a pink color during aerobic and a 


TABLE I. Reduction of TTC by Epiphyseal Car- 
tilage in Oxygen and in Nitrogen, 24 Exp. 


Formazan -—— Gas atmosphere ——, 
deposition 100% Oz 100% No 
4+ 9) 24 
Siete ) ) 
Date 0 0 
a 8 0 
0 16 0 


deep red color during anaerobic incubation. 
That this formazan deposition was attribut- 
able to the activity of bone marrow elements 
was evident from the absence of any TTC re- 
duction on either aerobic or anaerobic incuba- 
tion of bone slices from which the marrow had 
been removed. 

Summary and conclusions. 2,3,5-triphenyl 
tetrazolium chloride when incubated with 
slices of epiphyseal cartilage obtained from 
rachitic rats is much more intensively reduced 
to its formazan in nitrogen than in oxygen. 
The reduced formazan is deposited within the 
cartilage cell. Based on the current interpre- 
tation of a similar phenomenon in other tissues, 
this observation provides additional evidence 
for the existence of oxidative enzyme systems 
in cartilage cells. 
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